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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAI MEMORANDUM X-782

AERODYNAMIC CHARACTERISTICS OF A BLUNT HALF-CONE
ENTRY CONFIGURATION AT MACH NUMBERS OF
5.2, T4, AND 10.u4*

By George H. Holdaway, Thomas E. Polek, and
Joseph H. Kemp, dJr.

SUMMARY

An investigation has been conducted with a blunt, 30° half-cone entry config-
uration, known as the M-1, to evaluate its aerodynamic force, stability, and con-
trol characteristics at Mach numbers of 5.2, 7.4, and 10.4 and at Reynolds numbers
of 400,000 to 1,200,000 based on the body length.

In agreement with results determined previously from extensive investigations
of the M-1 shape, the basic body was self-trimming at a lift-drag ratio of about
0.5, was statically stable about all three axes, and could be trimmed over a range
of lift-drag ratios from 0.5 to O with aerodynamic-control systems. Theoretical
estimates, primarily based on impact theory, were satisfactory for approximating
the aerodynamic characteristics of the basic body without flaps or with flaps at
small deflections. A new type of roll control was investigated and found to be
more effective than aerodynamic roll controls previously tested with the M-1 by a
factor of about two. A change in body shape representative of that which might
occur as a result of ablation during entry flight was found to have a small effect
on the aerodynamic characteristics. For large flap deflections, shadowgraphs
indicated unsteady flow in the region where the body and flap shock waves coalesce,
and qualitative tests utilizing heat-sensitive paint indicated localized hot spots
on the flaps and the body ahead of the flaps for the same large flap deflections.

INTRODUCTION

It is now well known that a body with controlled 1lifting characteristics has
several important advantages over a ballistic body for use as a manned atmosphere-
entry vehicle. Studies, such as reference 1, have shown that the ability to
. develop lift-drag ratios of about 0.5, can significantly reduce maximum heating
rate and deceleration and increase range and maneuverability during entry. Refer-
ence 2 indicates that a vehicle with this lift-drag ratio has less stringent
guidance requirements because its parabolic-speed entry corridor is five times
deeper than that for a ballistic vehicle. To realize the potential advantages of
a lifting body, a control system is required to vary the lift-drag ratio and the
roll angle.
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One possible lifting-type body consisting basically of one-half of a blunt
cone with a semiapex angle of 30° and flaps at the base for control (now known as
the M-1) was suggested in reference 1 and was shown to be stable and self-trimming
at a maximum lift-drag ratio of 0.5 at hypersonic speeds without the use of aero-
dynamic control. Additional studies of this configuration are presented in
references 3 through 11. A review of the force data presented in references 6
through 10 indicated some areas where further research was necessary. For example,
a complete aerodynamic control system capable of providing direct roll control
free of cross-coupling problems had not been developed, nor was the effect of
Reynolds number and Mach number changes defined above Mach number 6 except in
helium. Also reference 6 indicated a loss in stability with a slight change in
nose profile which suggested further study of a possible effect of an ablated
surface on stability.

The present investigation was undertaken to extend the prior investigations
and to support the data obtained in helium. Two sets of controls previously
tested were included in the analysis. The first set, which consisted of two upper
and two lower pitch flaps, was only briefly tested because of its aerodynamic
cross coupling. The second control set consisted of single upper and lower pitch
flaps and two side flaps for directional control. This second control set, with
the side flaps modified to provide roll control, is emphasized herein. Comparison
of the experimental data with estimates made using a combination of impact theory
and two-dimensional shock-expansion theory is presented to permit a further eval-
uation of the theory.

NOTATTON

A base area of model, 0.5686 42
CA axial-force coefficient
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ldeflection angle

normal-force coefficien

normal force
t,

PP ~P
pressure coefficient, PP

00

Pp-P
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base-pressure coefficilent,

side force

Qeoh

side~force coefficient,

center of gravity and reference for moments
base diameter of model

length of model

lift-drag ratio

Mach nunber

static pressure

free-stream static pressure

free-stream dynamic pressure

Reynolds number based on model length

reservoir total temperature

angle of attack (measured with respect to basic-body upper surface)

angle of sideslip

incremental change due to control deflection

ldeflection angle of a lower flap

ldeflection angle of an upper flap

ldeflection angle of a side flap

10nless otherwise indicated, at zero deflection, control is normal to body
base and positive deflections are outward into sir stream (see fig. h(b)) .
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of roll portion of a side flap (relative to yaw segment)




Subscripts

a derivative with respect to angle of attack

B derivative with respect to angle of sideslip
L left side looking upstream

R right side looking upstream

S stability axis

max maximum value

APPARATUS AND MODELS

The Ames 3.5-Foot Hypersonic Wind Tunnel is a blowdown type capable of oper-
ating at nominal Mach numbers of 5, 7, 10, and 15, at total pressures up to 1,800
pounds per square inch, and at stagnation temperatures up to 3,800° F for testing
times up to four minutes. A schematic sketch of the tunnel system and a photo-
graph of the test section and model support system are shown in figures 1 and 2.
The helium line indicated in figure 1 supplies helium to a film-cooling system
which protects the nozzle and test section walls from the hot free-stream air.
The helium is injected through an annular slot located just upstream of the mini-
mum area section of the nozzle. The axially symmetric test section has a nominal
diameter of 3.5 feet. The model support system is hydraulically actuated and
servo controlled over an angle-of-attack range of -5° to +15°. Other angles in
the pitch or yaw planes are obtained with changes in position or mounting of the
models. The operation of the wind tunnel is automatic during a test run; the
model attitude sequence and pressures desired are programmed into a controller
prior to a run. The data are recorded on magnetic tape at a rate of 2,500 samples
per second.

The models are mounted on a conventional strain-gage balance that is ther-
mally protected by an evacuated steel bottle. The bodies and flaps were made of
a stainless steel which has good strength characteristics at elevated temperatures.
The flaps were solid but the bodies had a wall thickness of 3/8 inch. except for
the nose which was 2 inches thick.

The dimensions of the half-cone entry body (basic M-1 shape) are presented
in figure 3. The blunt nose profile was faired from a spherical shape to a cone,
as shown by the listed ordinates and described in reference 6 as the modified
profile. Two control sets were tested with the M-1: Control set I consisted of
two upper and two lower pitch flaps (fig. 4(a)); control set II consisted of
single upper and lower pitch flaps with two side flaps for directional control
(fig. 4(b)). Photographs of the basic body and the control systems with the flaps
deflected are shown in figure 5. TFor these tests the side flaps of control set
IT were modified to provide roll control. The modification consisted of folding
either an upper or a lower corner of the flap as shown in figures 4(b) and 5(b).
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A second body was made and tested with a profile that differed from the basic
shape by an amount representative of the material lost during ablation. The
dimensions of this body, which is 0.1 inch shorter than the basic body, are pre-
sented in figure 6. The amount and distribution of material removed from the
basic shape was determined from an analysis of an earth atmosphere entry of a
possible three-man lunar vehicle. A Dbrief description of this analysis dis included
in the discussion of the results obtained for the ablated body.

TESTS AND PROCEDURES

The tests were conducted at Mach numbers of 5.2, 7.4, and 10.4 at angles of
attack from -30° to +15°, and at Reynolds numbers from 400,000 to 1,200,000 based
on the body length. The data were recorded automatically at each of 19 angle-of-
attack positions during an average total testing time of about l~l/3 minutes. To
insure that the angle of attack was stationary at each position before data were
taken, the angle of attack was automatically monitored and data were taken only
when conditions were steady. To cover the desired angle-of-attack range of -30°
to +15°, three separate runs were necessary. Data at angles of attack from -5°
to 4150 were taken with the model erect, and data at +5° to -15° and -10° to -30°
(model base-plate angle, -15°) were taken with the model inverted.

A1l aserodynamic coefficients are referred to the base ares and to an assumed
center of gravity as shown in figures 3 and 4(a); the pitching-moment coefficients
are referred to the basic-body length and yawing- and rolling-moment coefficients
to the basic-body diameter. The experimental and theoretical data contain the
small drag contribution of the body base. Theoretical estimates of the aerodynamic
characteristics are based on impact theory similar to that presented in reference
12, except for the upper surface of the body where two-dimensional shock-expansion
theory was used and for the base-drag coefficient which was assumed proportional
to l/ME. Estimates were also made for which the impact-theory portion was modified
by using the computed total-pressure coefficient downstream of a normal shock wave
rather than the value of 2.00. '

The models were coated with paints which vary in color with temperature as
described in reference 13. These paints were used to indicate hot spots on the
body and flaps. Photographs of the hot spots were then correlated with shadow-
graph pictures.

In addition to the tests in the 3.5-foot tunnel, a few tests were conducted
in the Ames lh-inch helium tunnel at Mach numbers of 10.9, 17.8, and 21.2. These
tests were similar to those described in reference 10.

PRECISION

The model attitudes could be repeated with errors well within iO.lO; however,
stream-angle corrections (maximum.angularity is 0.30) have not been made. The
estimated maximum errors in the data that could result from instrumentation and/or
data-recording errors for the test ranges of Mach number, Reynolds number, and
reservoir stagnation temperature are listed in the following table:




M R Ty, op Cp Cy, Cy Cm o g5
5.8 800,000% |1450 to 1500 *30 |+0.001 |+0.003 | %0.002 | #0.0016 |*0.0005 [+0.000k
T3 ko TH 400,000 800 to 900 *30 +.007 | +£.024 | .01k | *.0111 | *.0037 | *.0027
7.3 b0 Td 800,000 750 to 800 %30 +£.004% | £.01% | #.008 | *.0064 | +.0022 | %£.0015
Te3 H6 TeD 800,000 [1500 to 1600 *30 | #.002 | *.006 | £.004 | £.0028 | +.0009 | £.0007
7.3 to 7.5 |1,200,000 800 to 850 30 +£.003 | £.009 | *.005| #.0042 | *.001L4 | +.0010
10.4 400,000 |1550 to 1700 #50 | #.006 | #.021 | #.013| #.0101 | *.0034% | *.002k
10.k 600,000% | 1600 to 1800 *50 | #.00% | %.015| £.009| #.0068 | £.0023 | +.0016

1The majority of the data were taken at these conditions.

An additional error of about 1 percent is possible from the variation in
dynamic pressure. In general, the data repeated for one set of test conditions
with differences less than the errors stated.

RESULTS AND DISCUSSION

Presentation of Results

The experimental data as a function of model attitudes and/or control deflec-
tions are presented first for the basic and ablated bodies and then for the basic
body with various control configurations. The aerodynamic characteristics of the
basic body, including the effect of ablation are shown in figures T through 10.
The Reynolds numbers of the tests as a function of Mach number are shown in figure
11. BSelected data for control set I are presented in figure 12; otherwise the
data presented for control set I are limited to later comparisons with control set
II and to Mach number cross plots. Emphasis was placed on the investigation of
control set II modified to include roll control, and these results are presented
in figures 13 through 27. Table I lists the aerodynamic characteristics for the
basic body with side flaps undeflected and includes representative base-drag coef-
ficients in parts (e) and (f). Impact theory has been used to compute the char—
acteristics of every configuration, and where convenient, these estimates are
presented in each figure with the experimental results.

Unless otherwise noted the results are for Reynolds numbers of 800,000 at
M= 5.2 and 7.4, and 600,000 at M = 10.4 (based on the length of the body). As
will be discussed with the results for control set II, the effects of Reynolds

number changes of this order were negligible, and therefore the Reynolds numbers
are not listed on each figure.



Basic Body

Longitudinal characteristics.- The experimental results of figure 7 demon-
strate that the basic body without controls will trim at a lift-drag ratio of
about 0.5 and is statically stable for the selected center-of-gravity location.

In addition, the theoretical estimates in figure 7 are in approximate agreement

- with the experimental trends with angle of attack. These results support the
findings of references 6 and 10. It should be noted that the contribution of
base drag is included in all data presented in this report. Representative agree-
ment between the estimated and experimental base-pressure coefficients for the
basic body is shown in figure 8.

Lateral-directional characteristics.— As shown in figure 9, the lateral-
and directional-stability characteristics of the basic body indicate it to be
stable for the test angles of attack. These characteristics are insensitive to
changes in angle of attack from -5° to +15° as indicated by both experimental and
theoretical results in figure 9(a). These experimental results were generally
determined from a two-point slope of data obtained at sideslip angles of 0° and
-50. The slopes at zero angle of attack and the linearity of the data at small
angles of sideslip were verified by results obtained for B = -15° to +5° as
shown in figure 9(Db) .

Effects of ablation.- As mentioned previously, this phase of the investiga-
tion was undertaken because the data of reference 6 indicated a decrease in lon-
gitudinal stability with a small change in nose profile for the basic body with
control set I undeflected. In the present study, tests were made with the body
contour modified as shown in figure 6 to simulate a change in shape due to abla-
tion. The amount of material ablated was determined from calculations for three
types of entry into the earth's atmosphere, as defined in figure 11, a satellite
entry, an overshoot parabolic entry, and an undershoot parabolic entry, and for
four different plastic ablators with densities from 59 to 150 pounds per cubic
foot. For this range of conditions, the maximum thickness of material removed
from the stagnation point, scaled to model size, varied between 0.090 and 0.113
inch. A value of 0.100 inch was selected for the test. Away from the stagnation
point, the material removed was assumed to vary directly with the distribution of
the heat-transfer rates of reference 11.

The effects of the shape change of the present investigation, which is less
localized than that of reference 6, were very slight (fig 10) for the basic body
with control set II undeflected (M = 10.4). HEstimates based on impact theory
also indicated only a slight effect of the shape change. Although not presented,
similar results were obtained at M = 7.4 with control set I undeflected. The
slight increase in stability due to the shape change (fig. 10) is of the same mag-
nitude as a computed decrease in stability which would result from a movement of
the center of gravity as material is ablated from the flight vehicle. The com-
puted vertical movement of the center of gravity was slightly stabilizing, but
was small relative to the computed destabilizing longitudinal movement. For this
estimate, it was assumed that the full-scale vehicle had a 12-foot base diameter
and an ablation-material weight of 75 pounds per cubic foot.
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Control Set IT

Longitudinal characteristics.—- Control set II consisted of single upper and
lower pitch flaps with two side flaps for directional and roll control. Repre-
sentative effects of Reynolds number changes on the longitudinal aerodynamic char-
acteristics of the basic body with the upper flap of control set II deflected 90°
are shown in figure 15. The drag and pitching-moment coefficients increased only
slightly with increased Reynolds number. The effects for the example shown are
equal to or greater than the effects of Reynolds number noted for any other test
configuration.

Incremental changes in the pitching-moment coefficients with changes in flap
angle and in angle of attack are shown in figure 16 for Mach numbers of 7.4 and
10.4. The lift- and drag-coefficient increments for M = 7.4 shown in figure
16(b) are typical of those for both Mach numbers. The results of figure 16 are
plotted as a function of the flap angle relative to the free stream to permit a
more direct comparison of the upper and lower pitch flaps. The upper flap was
generally less effective than the lower flap. The effects of interference from
the body are indicated in figure 16 by the differences between the experimental
results and theoretical estimates. For example, the lower flap at large deflec~
tions and at moderate angles of attack was more effective than indicated by the
theoretical estimates. This increased effectiveness 1s considered to be due to
increased pressures primarily on the flap produced by a multiple compression
through the body and flap shock waves as previously discussed in reference 6.
(See also the shadowgraph picture in the lower part of fig. 13(b).) The effect
of body angle of attack on the interference produced with the flaps is particularly
evident in figure 16(c).t Thus for large deflections of the flaps, the agreement
between the theoretical estimates and experiment is generally poor.

Lateral-directional characteristics.-~ The lateral- and directional-stability
characteristics for the basic body with control set II undeflected (fig. 17) are
very similar to the results for the body alone. Deflection of the side flaps
appears to have little effect on the stability or on the linearity of the yawing-
and rolling-moment coefficients for small angles of sideslip (fig. 17(b)).

As noted earlier, either an upper or a lower corner of the side controls of
control set II could be deflected for roll control. Figure 19 illustrates how
the controls could be used in combination to produce rolling moments with yaw-
ing moments nearly cancelled. Presented in this figure are the incremental aero-
dynamic characteristics obtained from the left flap deflected 900 and with its
upper corner deflected 90° and from the right flap also deflected 90° with its
lower corner deflected 90°. Adding the roll contributions of the two flaps
results in a rolling-moment coefficient of 0.05 which is relatively insensitive
to changes in angle of attack. The yawing moments of the two flaps tend to cancel
and through the angle-of-attack range the resultant yawing moments are less than
about 20 percent of the yawing moment produced by e single flap. The small
pitching-moment contributions of the two flaps do not cancel; however, this moment
could be eliminated by slightly lowering the side flaps to a position more in
line with the assumed center of gravity.

1The curves in figure 16 are identified by their correspondence in length to
the labeled scales at the top of the figure which show the angle of attack.




As shown in figure 20, the agreement between the experimentsl results and
the theoretical estimates is good for small deflections of the side flaps to pro-
vide yaw and rolling moments. This is not the case for the larger flap deflec-
tions as illustrated at an angle of attack of 0° in figure 21. Included in this
figure are results obtained in helium, which were used primarily to augment the
ailr data at flap deflections of 459 and 60°. (A comparison between data obtained
in air and helium is contained in the appendix.) Figure 21 indicates a large
favorable interference effect which results in an increase in the effectiveness
of the corners of the flaps to produce roll control. This interference effect is
probably due in part to increased pressures produced by the main part of the flap
acting on the deflected corners and in part to multiple compression through shock
waves, as previously mentioned. The results of figure 21 also indicate that a
60° deflection of the flap for yaw results in the maximum rolling moments for all
upper corner deflections of the flap except 0O°.

If yawing of the body is acceptable, then the body rolling moment due to yaw
(fig. 17(b)) could be used to supplement the rolling moment of a side flap with
the lower corner deflected. If the technique of rolling the body to modulate the
1ift were used, a simplification of the control system could be made by the elim-
ination of the pitch flaps.

Trim capability.- The pitch flaps of control set II were effective in chang-
ing the trim lift-drag ratios of the M-1 from +0.55 to -0.1% with a corresponding
reduction in trim angle of attack from +L3° to —24.50. A summary of the trim
capabilities of the pitch flaps determined both experimentally and theoretically
is presented in figure 22. It is apparent from the experimental results that, if
a fixed angle of attack is desired, the trim lift-drag ratios can be varied only
a slight amount, generally about 0.1, through deflection of the pitch controls
alone. The theoretical results show a gsomewhat larger possible variation, partic-
ularly at angles of attack near -10°. This and other distortions of the experi-
mental curves of figure 22(a) relative to the curves from the theoretical
estimates (fig. 22(b)) are due primarily to effects previously discussed.

Comparison of control sets.- Selected pitching-moment coefficlents for con-
trol set II are repeated in figure 23 along with the results obtained for control
set I. For pitch control, the flaps of control set I are used in pairs, and an
estimate of the combined effectiveness has been obtained by multiplying the incre-
ment obtained for one flap by 2. Thus it is apparent, as also noted in references
6 and 10, that control set I is often more effective than control set II in pro-
viding trim in pitch. However, control set I has greater surface area so a com-
parison for equal flap areas might be more significant from a weight standpoint.
Accordingly, the data for one flap of control set I have also been multiplied by
1—2/3 to give the equal area curves shown in figure 23. On this basis the con-
trols on the upper surface are still more effective if located near the corner
(i.e., control set I) rather than at the center (i.e., control set II). However,
for the lower controls, the greater moment arm (primarily) of control set II
results in the greater contribution to the pitching-moment coefficients.

Increments in rolling-moment coefficients for various flap deflections of
control sets I and II are compared in figure 24 for one flap deflected in each
case. The fairing of the upper curve in figure 2l is based on figure 21 which




includes helium data and data at other Mach numbers. These results indicate that
control set II has a rolling-moment capability of more than double that for con-
trol set I.

Mach Number Effects

The variation of the longitudinal characteristics of the basic body with Mach
number at 00 angle of attack is presented in figure 25 for a Mach number range
from 0.7 to 2L.5. The variation over the Mach number range of the present tests
was slight, and in general the trends fit well with those for the other facilities
included in figure 25. The Reynolds numbers for all the tests were generally
about the same, as shown in figure 11. The effect of a variation in Mach number
from 5 to 10 on the control characteristics was generally small, particularly for
large control deflections as shown in figure 26. The aerodynamic characteristics
at trimmed conditions for the basic body and for the basic body with the control
sets undeflected are presented in figure 27 as a function of Mach number. The
data from the present tests generally indicate little difference between the basic
body and the body with flaps undeflected, although there are some differences in
the angles of attack for trim. The static lateral-directional stability deriv-
atives of the basic body and of the body with either control set undeflected were
again similar, stable, and essentially constant in the hypersonic speed range
(fig. 28) . In general the results are comparable to those obtained in other
facilities.

Unsteady Flow

A comparison of shadowgraph pictures, taken of a given flap configuration at
a given tunnel condition but at different times, indicated a movement of the shock
waves in the region of the flaps. Thus a series of shadowgrasph pictures was taken
at 0° angle of attack with control set II, in an attempt to obtain the extremes
of this unsteady condition.

For the basic body, the body with upper flaps, or the body with the lower
flap deflected 0° or 300, no change in the shock-wave position was noted. Above
30°, the variation in shock-wave positions increased with flap deflection as
shown by the superimposed pictures in figure 29. The disturbance in the shock
waves does not appear to originate as a result of interference between the wind
tunnel and the model because the double shock lines Jjoin and showed no disturb-
ance as the tunnel boundary layer is approached. Generally the shock-wave motion
was confined to the region immediately forward of the flap; but with the flap
deflected 90°, the movement of the shock wave extended forward and nearer to the
body as shown in figure 29(b). This fluctuation of the shock wave may be due to
large pressure gradients with possible separated flow.

The shock-wave motion was possibly indicated in the force data, because the
scatter in the pitching-moment data increased as the control deflection was
increased. An example of this slight scatter in the pitching-moment coefficient
is illustrated in figure 30 for a lower control deflected 60°. It should be noted
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that the scatter is reduced at large, negative angles of attack where the flap
angle relative to the airstream is small; however, the scatter was generally small
and rather inconclusive because it was within the maximum instrument errors.

These results indicate that local unsteady-flow conditions occurred near the flaps,
but it is not clear that the magnitude of the unsteady conditions is of any aero-
dynamic or structural concern.

Approximate Temperature Distributions

During the force tests, the model was coated with temperature-sensitive
paint to provide a qualitative distribution of heating on the model. The results
obtained were not intended to provide heat-transfer data, but rather to indicate
approximately the distribution of heating or hot spots which could be correlated
with the shadowgraph pictures.

The paints described in reference 13 had three or four color changes in the
range from 150° F to 1500° F, and would respond with exposures of 30 seconds or
less. A typical paint pattern obtained on the basic body is illustrated in figure
31l. The paint used in this case had an original light green color which changed
at temperatures up to 645° F as indicated in the figure. Observations and photo-
graphs taken in sequence showed that the lower surface of the model turned from a
uniform blue (> 1500 F) color to a uniform yellow (> 290° F) as the angle of
attack was increased to 15°. The black color at the nose stagnation region is
the metal showing through the eroded paint; the true paint color at the stagnation
region was a brown (> 6450 F). The diameter of this stagnation hot spot varied
only slightly during the test run and amounted to only 4 percent of the reference
base area after the test.

On the lower flaps the heating, as indicated by the paint, was roughly simi-
lar with either control set. A representative color pattern for large flap
deflections is shown in figure 32 for a lower flap of control set I deflected 90°.
For this case the flap was painted with a three-color yellow paint that turned
gray at an uncalibrated temperature, orange (receding) at 790° F, and then gray
(receding) at 1290° F. The response temperature of 1290° F was observed at small
angles of attack as a faint gray line in the middle of the orange band across the
flap. The position of the hot spot on the flap shown by the orange color in fig-
ure 32 varied only a little with angles of attack up to 15°. The location of the
hot spot corresponded to the region where the body and flap shock waves coalesced
(fig. 14(d)) and may be associated with the unsteady-flow effects previously dis-
cussed. The data indicated that the temperatures in the flap slot were lower
than the flap or the local body temperatures. The hot spot on the body occurred
at flap deflections of 60° or 90° and was greater in size for the larger angle
and for the wider flaps of control set II.
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CONCLUDING REMARKS

The following remarks are relative to wind-tunnel tests of the M-1 entry
configuration at Mach numbers of 5.2, 7.4, and 10.4, at angles of attack from
-30° to +15O, and at Reynolds numbers of 400,000 to 1,200,000 based on the body
length.

The bagic body was self-trimming, was statically stable about all three axes,
and had lateral- and directional-stability characteristics which were relatively
insensitive to changes in angle of attack or Mach number. The effects of a change
in body shape representative of that which might result from ablation during entry
flight were found to be small.

Theoretical estimates, primarily based on impact theory, were satisfactory
for an approximation of the experimental aerodynamic trends for the basic body
without flaps or with small deflections of the flaps. With large deflections of
the flaps the agreement between theory and experiment was often poor because large
and varied effects of interference occurred between the body and flap flow fields.

With an aerodynamic control system congsisting of single upper and lower
flaps for pitch control, two side-mounted flaps for yaw control, and deflected
corners on the yaw flaps for roll control, the configuration can be trimmed at
lift-drag ratios from O to 0.5. The flaps on the lower surface of the model were
generally more effective than those on the upper surface, and the roll control
investigated was more effective than prior aerodynamic roll controls studied with
the M-1 by a factor of about two. This control system also had little cross
coupling .

The shadowgraphs indicated unsteady flow in the region where the body and
flap shock waves coalesce. The motion of the shock waves was most apparent at
large deflections of the flaps, and the degree of unsteadiness increased with
flap deflection.

Qualitative tests utilizing heat-sensitive paint indicated localized hot
spots on the flaps and on the body ahead of the flaps for deflections of the flaps
equal to 60° or greater.

Ames Research Center
Natlonal Aeronsutics and Space Administration
Moffett Field, Calif., Sept. 28, 1962
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APPENDIX

A COMPARISON O HELIUM AND ATIR DATA

A comparison of the trends with Mach number between data obtained in helium
and in air has already been made in the Mach number cross plots of figures 2D
through 28. In these figures the data do not overlap, but for the test configu-
ration the gas-dynamic characteristics do not vary significantly above a Mach
number of 6 and their values seem to be as accurately defined in helium as in air.

Data representative of the results used to obtain the Mach number cross plots
are presented in figures 33 and 34 for the basic body (side flaps at 0°) and for
the lower pitch flap deflected 60°, respectively. The test conditions of Mach
number (~10.5) and Reynolds number (~700,000) were essentially the same in the
two test mediums so that a direct comparison of the results can be made. Figures
33 and 34 indicate that the trends in the aerodynamic characteristics with angle
of attack for the M-l with or without controls are well represented by the gas
dynamic characteristics in helium.

There are absolute differences between the air and helium data, but these
are generally not much greater than the differences (also shown in figs. 25
through 28) between results obtained in different facilities using air. The one
exception is the large difference in the drag coefficients with the upper flap
deflected 60°. The difference in this case may be due to separated flow which
occurred on the upper surface of the model and to the differences in viscous
effects in the two test mediums. The reasons for the small differences have not
been analyzed; however, one theoretical possibility was considered, namely, that
the maximum pressure coefficient is a function of the ratio of specific heats of
the test medium. On this basis, modified impact theory would indicate that the
data in helium at o = 0° ghould be about 4 percent less than the data in air,
not greater as the experimental results shov.
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TABLE I.~ BASIC BODY WITH SIDE CONTROLS AT OO DEFLECTION, CONTROL SET IT
(a) M = 5.2, o = -5° to +5°, R = 800,000
dZé Cr, Cp L/D Cm Co Cng Cy Cyr Ca Cy Cn
~5.03 | 0.302 | 0.5959 | 0.507 | 0.0108 |-0.000L [-0.0013 |-0.0004 [0.2486 |0.6201 |-0.0002 | -0.0013
~5.06 | 302 .5966 | .506| .0108 | -.0001 [ -.0013 | -.0009 | .2479 | .6209 | -.0002 | -.0013
-5.07| .301| .5953 | .506| .0108 | -.0001 | -.0013 | ~.0007 | .2476 | .6196 | -.0002 | -.0013
~3.68 | .321| .619% | .518 0073 | -.0001 | -.0016 | -.0003 | .2803 | .6388 | -.0002 | -.0016
~3.69| .320| .6189 | .517 0073 | -.0001 [ -.0017 .0003 | .2794 | .6382 | -.0002 | -.00L7
~3.69| .319| .6195 | .516 0074 | -.0001 | -.0016 | ~.0000 | .2790 | .6388 | -.0002 | -.0016
~2.23| .339| .6481 | .523| .0034 | -.0002 | -.0019 | -.0000 | .3133 | .6608 | -.0003 | -.0019
-2.23| .339| .6475 | .524 0034 | -.0002 | -.0019 | -.0001L | .3138 | .6602 | -.0003 | -.0019
~2.23 | .34 | 647k | .52k 0034 | -.0002 | -.0018 | ~.o004 | .3140 | .6602 | -.0003 | -.0018
~1.28 | .351| .6669 | .527 0005 | -.0003 | -.0020 | ~.0000 | .3362 | .6746 | -.0003 | -.0020
~1.28 | .352| .6676 | .527 0006 | -.0003 | -.0020 .0001 | .3365 | .6753 | -.0003 | -.0020
-1.28 ] .351 | .6665 | .527 0005 | -.0002 | -.0022 .000% | .3363 | .6742 | -.0003 | -.0021
-.31| .363| .6877 | .528| -.002k | -.0003 | -.0023 .0003 | .3594 | .6896 | -.0003 | -.0023
-.31| .363| .6873 | .528| -.0025 | -.0003 | —-.0022 .0003 | .3592 | .6893 | -.0003 | -.0022
-.31| .363| .6864 | .529| -.0026 | -.0003 | -.0023 .0005 | .3591 | .6884 | -.0003 | -.0023
671 374 L7083 | .529 ) -.0055 | -.0003 | -.002k4 .0006 | .3828 | .7039 | -.0003 | -.002k
67| 374 | .7086 | .528 | -.005% | -.0003 | -.0023 .0007 | .3827 7042 | -.0003 | -.002k
67 374 | L7068 | .529 | -.0056 | -.0003 | -.002k .0007 | .3821 | .702% | -.0003 | -.0024
1.70| .384%| .7303 | .526 | -.0081 | -.000% | -.0025 .0008 | 4058 | .7186 | -.0003 | -.0025
1.69| .385| .7314 | .526| -.0079 | -.0003 | -.0026 .0011 | .ho6o | .7197| -.0003 | -.0026
1.69 | .386 | .7313 | .527|-.0082 | ~.0003 | -.0027 .0010 | .%o70 | .7196 | -.0003 | -.0027
2.70 | .393| .7517 | .523| -.0101 | -.0003 | -.0027 001k | 4279 | .7323 | -.0002 | -.0028
2.69 | .39%| .7532 | .523| -.0103 | -.000% | -.0028 .0011 | .4%293 | .7339 | -.0003 | -.0028
2.70 | .395] .7537 | .524 | -.0104 | -.000% | -.0027 .0012 | 4298 | .7343 [ -.0002 | -.0028
3.70 | ko2 | .7767 | .518| -.0119 | -.0004 [ -.0027 L0011 | 4516 | .7ho0 | -.0003 | -.0027
3.70 | .ho1| .7728 | .519| -.0120 | -.000k | —.0027 L0011 | JU4502 | 7452 | -.0003 | -.0028
3.70 | .ho2 | .7751 | .519| -.0121 | -.000k | -.0027 .0013 | 4516 | 7475 | -.0002 | -.0027
Y70 | .408 | .7961 | .513 | -.0133 | -.0004 | -.0027 .0013 | .h4723 | .7600 | -.0002 | -.0028
4.69| .%09 | .7973 | .513 | -.0133 [ ~-.0005 | -.0027 L0011 | 4731 | .7612 | -.0003 [ -.0028
4,69 | .49 | .7974 | .513 | -.0132 | -.0005 | -.0027 .0010 | .h727 | L7612 | -.0003 | -.0027
5.69 | 413 | .8173 | .506 | -.0140 | -.0005 | -.0028 .0015 | 4923 | .7723 | -.0002 | -.0028
5.69 | 413 | .8175 | .506 | -.0139 | -.0005 | -.0028 .001% | .4oo3 | .7725 | -.0002 | -.0028
5.69 | .Mk | .8181 | .506 | -.0139 | -.0005 | -.0029 L0017 | ko928 | .7730 | -.0002 [ -.0029
5.39 | 1| .8123 | .506 | -.0136 | -.0005 | -.0028 L0012 | .4855 | .7701 | -.0002 | -.0028
h.01 | .413| .80ohk7 | .514| -.0133 | -.000% | -.0029 .0019 | 4807 | .7663 | -.0002 | -.0029
b.h6 | 408 | .7903 | 516 | -.0134 | -.0005 | ~-.0027 .0006 | 4683 | .7562 | -.0003 | -.0027
8.19 | .keo | .8691 | 484 | -.01k7 | ~.0006 | -.0028 .0015 | .5398 | .800k | -.0002 [ -.0028
8.19 | .40 | .8686 | .48k | -.01k7 | -.0007 | -.0028 .0014 | .5399 | .7999 | -.0002 | -.0028
8.19 | .421 | .8700 | 484 | -.01k47 | -.0006 | -.0027 .0012 | .5h407 | .8011 | -.0003 | -.0028
9.72 | .h21 | .8982 | .u68 | -.0151 | -.0007 | -.0028 L0013 | 5662 | .814k | -.0003 | -.0028
9.72 | .keo | .8973 | 468 | -.0152 | -.0008 | -.0027 L0011 | .5657 | .8135( -.0003 [ -.0028
9.72 | .heo1i| .8979 | .469| -.0153 | -.0007 | -.0027 .0012 | .5666 | .8139 | -.0003 | -.0027
10.7% | k20 | .0187 | 457 | -.0159 | -.0008 | -.0027 .0010 | .5840 | .8243 | -.0003 | -.0028
10.74 | k20 | .or70 | 457 | -.0158 | -.0008 | ~-.0027 .0011 | .5831 | .8228 | -.0003 | -.0028
10.74 | k20 | L9177 | JB5T7 | -.0157 | -.0008 [ -.0027 .0012 | .583% | .823% | -.0003 | -.0028
11.77 | %18 .9360 | .h4h6 | -.016k | -.0009 | -.0025 .0008 | .5997 | .8311 | -.0003 | -.0026
11.77 | k8| .9372 | L6 | -.0167 | ~.0008 | -.0025 .0007 | .6006 | .8322 | -.0003 | -.0026
11.78 | b8 | .9364% | .4h6 | -.016% | -.0009 | -.0025 .0008 | .6000 | .831k | -.0003 | -.0026
12.79 | b5 | .9547 | 435 (-.0181L [ -.0009 | -.0023 .0003 | .6160 { .8391 | -.000% [ -.0025
12.78 | Jh4i15 | .9552 | L35 0182 | -.0009 | -.002k .0007 | .6162 | .8396 | -.0003 | -.0025
12.79 | 416 | .9561 | 435 | -.0182 | -.0009 | -.0025 .0010 | .6170 | .8kok | -.0003 | -.0026
13.82 | bk | .9786 | .4e3 | -.0205 | -.0010 | -.0027 .0009 | .6353 | .8515 | -.0003 | -.0028
13.82 | b3 | .9776 | .423 | -.0206 [ -.0010 | -.0026 .0007 | 6348 | .8506 | -.000k | -.0027.
13.82 | ik | .9773 | 423 | -.0207 | -.0010 | -.0026 .0007 | .6351 | .8502 | -.0003 | -.0027
14.85 | .4o9 | .9976 | .10 | -.0225 | -.0010 | -.0028 .001% | .6512 | .8594 [ -.0003 | -.0030
1%.85 | .bog9 | .9971 | .M10|-.0224 | -.0011 | -.0029 .0017 | .6510 | .8590 | -.0003 | -.0031
14.85 | k10 | .9992 | 410 | -.0225 | -.0011 | -.0029 .0015 | .6521 | .8608 | -.0003 | -.0030
-.15 | .371 | 6973 | .533 | -.003% | -.0003 | -.0022 .0001 | .3696 | .6983 | -.0004 | -.0022
-.17 | .371 | .6963 | .533 | -.0032 | -.0003 | -.0023 L0006 | .3690 | 6974 | -.0003 | -.0023
-.18 | .37 | .6970 | .533 | -.0033 | -.0003 | —.0022 .0003 | .3692 | .6982 | -.0003 | -.0022
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TABLE I.- BASIC BODY WITH SIDE CONTROLS AT O° DEFLECTION, CONTROL SET II -

Continued
(b) M = 5.2, a = +5° to -15°, R = 800,000

dZé or Cp L/D Cn Cy Cng Cy Cyy Cp c, Cn
%4.5110.388 {0.7881 | 0.592 | -0.0052 | ~0.0000 | ~0.0045 {0.0098 | 0.4487 | 0.7552 | 0.0003 |-0.0045
1,551 .389 | .7892 | .493 | -.0053 | -.0001 | -.00kk | .0092 | .4500| .7559 | .0003 | -.ooLk
k.58 .388 | .789L | .ho2 | -.0053 | -.0001| -.0045 | .0093 | .WB00| .7556 | .0003 | -.00L45
3.70| 384 | .7726 | .L97 | -.0033 L0000 | ~.00B5 | .0095 | .k320| .7h62 | .0003 | -.00k5
3.64 | .383 | 779 | .Lo7| -.0033] -.0000| -.00%k | .oogo | .k317| .7RE6O | .0003 | -.00LL
3.60 1 3841 7708 | 4981 -.o03k L0000 | -.00M4 [ L0095 | .h312| 7452 | .0003 | -.o0kk
2,211 .373 | .7427| .502 | -.0018 L0001 | -.00%0 | .0087 | .h015| .7278| .0003 | -.0040
2,161 .372| .7425 | .501 | -.0016 L0001 | ~.0038 | .0082 | .3999| .7279 | .0002 | -.0038
2.13 1 .373{ .7413 ] .503 | -.0020 L0001 | -.0038 | .0079 | .3998| .7270 | .0002 | -.0038
1.23 | .365 | .72k2 | (505 | -.0007 .0001 | ~.0036 | .0079 | .3809| .7162| .0002 | -.0036
1.19 | .36k} .7228 | .50k | -.oo0L .0002 | -.0036 | .0080 | .3791| .7151 | .0002 | -.0036
1.16 | .36k} 722k | .50k | ~.0002 L0002 | -.0036 | .0079 | 3784 L7148 | .0002 | ~.0036
28| .356( .7058 | .504 .01k .0002 | ~.003k 0076 | .3592| .70k0 | .0002 | -.003%
231 .356 | .ok | LB0L L0012 .0002 | -.003k oo7h | .358k| .7032 | .0002 | -.003k
.20} .355| .703% | .50L .001h L0002 | —.003% | L0074 | .3572| .7022 | .0002 | -.003k
-.731 .345 | .6852 | .50k .0032 .Q002 | -.0032 | L0070 | .3367| .6896 | .0002 | -.0032
-.771 345 | .6853 | .50k .0036 .0003 | ~-.0032 0069 | .3359f .6898 | .0002 | -.0032
-.80 | 344} 6843 | .503 .0037 L0002 | -.0032 | .0066 | .334 | .6891 | .0002 | -.0032
~1.731{ .333 | .6654% | .500 .0056 L0003 | -,0031 | .0065 | .3128| .6752 | .0002 | -.0031
-1.78 1 .332 | .6651 | .500 L0059 .0003 | -.0030 | .0065 | .3115| .6750 | .0002 | -.0030
-1.81 1 .332| .6646 | .500 L0059 L0003 | -.0030 | .0065 | .3112| .67W7 | 0002 | -.0030
-2.75 1 .320 | 6463 | .hoe .0080 L0003 | —-.0029 | .0062 | .2891| .6609 | .0002 | -.0029
-2.79| .321 1 .6465 | .Lo6 .0082 L0004 | -.0028 | .0059 | .2889| .6613 | .0002 | -.0028
—2.82 | .320 | 6457 .u9s .0082 000k | -.0028 | .0059 | .2879| .6607 | .0002 | -.0028
-3.76 | .307| <6275 1 .40 .0100 000k | —.0027 | L0055 | .2654| .6L63 | L0002 | -.0027
-3.80| .306| .6270 | .489 L0104 L0004 | —-.0026 | 0050 | .2642| .6459 | .0002 | -.0026
-3.83 1 .306 | .6273 | .488 .0105 L0004 | —.0026 | L0051 | .2637| .6463 | .0002 | -.0026
ko7t .292 | L6100 | LhT9 .0123 L000% | -.0025 | .0050 | .2407| .6322 | .0002 | -.0026
-4, 81 1 .201 | .6084% | .u78 .0127 L0004 | -.0025 | .00k8 | .2389| .6307 | -0002 | -.0025
b 84t l2o1 | L6084 | Lh79 L0125 L0004 | ~-.0026 | .0052 | .23881| .6308 | .0002 | -.0026
-5.75 1 2771 5929 | .67 NoxRE L0005 | -.0025 | .00k9 | .2159| .6176 | .0002 | -.0025
-5.79 1 .277 | .5933 | .k66 .01k L0005 | -.0025 | ,0050 | .2154| .6182 | .0002 | -.0025
-5.82 | .276 | .5926 | .Lu66 .01k7 L0005 | -.0025 | .0052 | .21k5 | L6175 | L0002 | ~.0026
-6.75 1 .261 | 5767 1 .hS52 0165 L0005 | -.0023 | .ookk | .1913 | .6034% | .0002 | ~.002k
-6.79| .260 | 5758 | .h51 L0165 L0005 | -.002% | L0045 | .1899| .6025 | .0002 | -.002k
-6.82 1 .259 | .5759 | .b150 L0167 L0005 | -.0024 | .o046 | .1891 | .6027 | .0002 | -.0025
~8.271 .235 | .5540 | .ke3 .0193 L0005 | -.0021 | .0036 | .1525| .5820 | .0C02 | -.0021
-8.31| .233 | .5531 | .hey L0197 L0005 | -.0021 | .0037 | .1l504| .5810 | .co02 | ~.0022
-8.34% | .233 | .5533 | .hkex L0198 L0005 | ~.0022 | L0039 { .1501 | .5812 | .0002 | -.0022
-9.81 | .206 | .5326 | .386 .022k L0005 | ~.0020 | .0030 | .1l21| .5599 | .0002 | -.0020
-9.85 | .204 | .5319 | .36% .0227 L0005 | -.0019 | .0032 | 1105 | .5591 | .0002 | —~.0020
-9.87 | .2ok | .5318 | .384 .0226 L0005 | -.0019 | .0030 | 1101 | .5589 | .0002 | -.0020
-10.86 | .186 | .5190 | .358 L0245 L0005 | -.0019 | .0027 { .084g | ,5448 | .0002 | -.0020
-10.89 | .185 | .5192 | .356 L0246 L0006 | -.0020 | .0030 | .0836 | .5448 | .0002 | -.0021
-10.92 | .184% | .5190 | .354 L0250 L0006 | -.0020 | .0030 | .0820 | .5hkhkk | L0002 | -.0021
-11.89 | .167 | .5086 | .329 0264 L0006 | ~.0019 0027 | 0588 .5321 | .0001 | -.0020
-11.93 1 .165 | .5075 | .325 .0268 L0006 | -.0019 | .0026 | .0565 | .5306 | .0002 | -.0020
-11.95 | 165 | 5077 | .325 L0267 L0005 | -.0018 | .0023 | .0565| .5309 { .0001 | -.0019
-12.91 | .146 | L4987 | .2093 .0289 .0005 | -.0016 | .0017 | .0309 | .5188 | .000L | -.0017
-12.95 | 145 | .boB1 | 292 .0289 .0005 | -.00L7 | .0017 | .0301| .5180 | .00OL | -.0017
-12,97 | 44§ ko9 | .289 L0292 .0006 | ~.0017 | .0020 | .02851{ .5175 | .0002 | -.0018
-13.9% | .126 | 4896 | .258 .0309 L0005 | -.0015 | .001k | .o0k5 | .5055 | .0QOL | —.0016
-13.97 | .126 | .h4o08 | .256 .0313 .0005 | -.0015 | .001k | .0036 | .5067 | .0001 | ~.00L6
~1k.00 | .125 1 .4B8og | .255 L0313 L0005 | -.0015 001k | L0027 | .5056 | .000L | -.0016
—1h 48 | L1216 | L4867 | 238 .0320 .0005 | -.001% | .0012 |-.0093 | .5002 | .000L | -.0015
-1%.50 | .115 | 486k | .237 .0322 .0005 | -.001% | .0009 [-.0105 | .4997 | .000L | ~.0015
-1hk.52 | 115 | 4869 | .236 .0326 L0005 | ~-.0014 | .0008 |-.0109 | .5001 | .00OL | —.0QO1k
-.32 | .352 | .6986 | .50k L0034 .0002 | ~.0029 | .0060 | .3480 | .7006 | .0002 | -.0029
-.28 | .352 | .7003 | .503 .0037 L0002 | -.0029 | 0059 | 34871 .7020 | .0002 | ~.0029
-.25 | .352 | .7003 | .502 .0032 .0002 | ~.0030 | .0061 | .3488 | .7019 | .0002 | ~.0030




TABLE I.-~ BASIC BODY WITH SIDE CONTROLS AT O° DEFLECTION, CONTROL SET II -
Continued
(c) M =5.2, a x ~10° to -30°, R = 800,000

aZé cL, Cp L/D Cm Cy Cn, Cy Cyr Ca ¢, Cn
~12.76 |0.149 | 0.5052 | 0.296 | 0.026% | 0.0002 [-0.0023 | 0.0047 | 0.0341 | 0.5257 | -0.0003 |~0.0022
~12.80 | .18 [ L5047 | .293 | L0262 .000L | -.0022 | LOOW7 | .0323 | .52hk9 | —.0c004 | -.0022
12,84 | .1k8 | 5047 | .20k | .0263 ] .0001 | -.0023 | .OOWT | .0324k | .5250 | -.000k | -.0022
“13.74% | .132 ] Jh4o85 | .266 | .0278 | .OOOL | -.0020 | .cok2 | .0102 | .5156 | -.000% | -,0020
~13.78 | .131 ] .hko81| .263 | .0280 | .o00L | -.0020 | .00kl | .008Lk | .5149 | -.0003 | -.0019
-13.81 | .131| .hkot6 | .263 | .o277| .o0OL | -.00L19 | .0038 | .0082 | .51k | -.000k | -.0019
~1bk.69{ 115 .ho25 | .234 | L0293 | .0001 | -.0018 ] .0038 | -.0135 | .5056 | -.0003 | -.00L7
b7k} oLaik ) ko2 | .231 ) L029% | L0001 | -.0018 | .0038 | -.0152 | .5049 | -.0003 | -.00L7
k.78 | .12 | .ho16 | .229 | L0296 | .000L | ~.0017| .0038 | -.0067 | .5040 | -.0003 | -.00L7
15.71 ] .095 | L4865 | .196 } L0312 [ .000L | -.0015 | .0032 [-.0k0O | .hgk2 | -.0003 | -.0015
-15.75 | .09% | .4866 | .19k | .031%} .00OLl | -.0015 | .0029 |-.ok12 | .hoko | -.c003 | -.00Lk
~15.78 | .09% | .LB69 | .193 | .0316 | .000L | -.0015 | .0030 | ~-.0k20 | .hok1 | -.0003 | -.001k
_16.72 1 076 .k819| .157| .0336 | .00OL | -.00Llk | .0026 |-.0661 | .4833 | -.0003 | -.001k
~16.76 | .07 | 4825 | .54 | .03k0 | L0001 | ~.0013 ] .0023 |-.0680 | .483k | -.0003 | -.0012
—16.80 ] .o7h | .u81iLk | .15% | ,0338 | .000L { -.0013 | .0024 | -,0681 | 4823 | -.0003 | -.0013
~17.73 | <056 | JW798 1 117 .0356 | .000L | ~.001l | .0OL5 |-~.0927 { .h7hi | -.0003 | -.0011
~17.78 1 054 | k799 .11k | .0358 | .000L | -.0013} .0023 |-.09k6 | L4736 | -.0003 | -.0012
17.81 ] .055 1 .48o1 | .115| .0355 | .0OOL | -.0012 | .0019 | -.09L2 [ .47ko | -.0003 [ -.0011
18,7k w036 .h773 | L0761 L0373 | .000L | -.0012 | .0019 |-.1188 | 4637 | -.0002 | -.0012
-18.77 | .036 | 4781 | .076 | .037H | .0002 | -.0012 | .0020 |-.1i96 | .h6k3 | -.0002 | -.0012
-18.80 | .035 | .h77h | L0731 .037h | .0001 | -.0012 | L0018 |-.1207 | .4632 | -.0002 | -.0012
-19.76 | .ok | J477L ) .030 ] .0390 | .000L | -.0010 | .0013 | -.1h79 | .h539 | -.0002 | ~.0010
-19.80 ol k767! .030 | .0391 | .0002 | -.0011 [ .0015 [-.1481 | .4533 | -.0002 | -.0011
-19.82 | .013 | .4770 | .028 | .039% | .0002 | -.001L1 | .0OLH |-.1ko3 | .4533 | -.0002 | -.0011
~20.75 | -.007 | 4782 | -.01k | .0kO9 | .0001 | -.0010 | .00LO |-.1758 | .Lhk8 | ~.0002 | -.0010
~20.79 | -.007 | 4786 | -.015 | .OMO9 | .000L | -.001l | .0012 }-.1766 | .Lhlg | -.0002 | ~.001L
20.82 | -.007 | 4787 1 -.015 | .0%0OT7 | .0002 | -.0011 | 0013 |-.1769 | .4kg | -.0002 | -.0011
21.75 | -.028 | 4818 {-.058 [ .ok22 | .0002 [ -.0011 | .0OLl |-.20k6 | 4371 | -.0003 | -.0011
—21.79 | -.029 | .4816 |-.060 | .02k | .0002 | -.0011 | .0OLO |~.2055 | .4365 | -.0003 | ~.001L
21,81 | -.029 | .4812 | -.061 | .ok22 | .0002 | -.00LL | .0009 |-.2059 | .4359 | -.0002 | -.00LlL
23,28 | -.061 | 4874 {-.12h ] L0436 | .0003 | ~.0014 | .o0Lhk |-.2482 | 4238 | -.0003 | -.001k
~23.3L | -.06L | 4882 |-.12h | .0k33 | .0003 | -.0015 | .00L6 |-.2k89 | .h2k3 | -.0003 | -.0015
—23.3% | ~-.062 | .4883 |-.126 ] .0k35 | .oo0k | -.001k | L0016 |-.2500 | .h2hkO | -.0002 | -.0015
24,82 | -.09% | L4965 | -.188 | .ouk5 | L0004 | -.00ik | .0016 [ -.2933 | Jh1lk | -.0002 | -.0015
24,86 |-.09% | .ho65 | -.188 | .okk3 | .0OOK | -.001L5 | .OOLT |-.2936 | .hll2 | -.0003 | -.0015
24,88 | -.09% | 4973 |-.189 | .OMA3 | .000k | -.0015 [ .OOLT {-.2946 | k115 | -.0002 | -.0015
-25.87 1-.113 | .5042 | -.225 | .OME3 | L0005 | -.0015 | .0016 |-.3218 | .holk3 | -.0002 | -.0016
~25.90 | -.115 | .5047 | -.228 | .obLk& | .0005 | -.0015 | .00L6 |-.3239 | .L0o38 | -.0002 | -.0015
~25.92 | -.115 | L5045 | -.228 | .okk6 | L0005 | -.001k | .0012 |-.3240 | .h035 | -.0002 | -.0015
—26.90 | -.134 | .5128 |~.261 | .O4WB | .0005 | -.0016 | .OOLT |{-.3515 | .3966 | -.0003 | -.00L7
—26.9% [-.135 | .5120 |-.263 | .O448 | .0006 | -.0017 | .OOL7 |~.3521 | .3954 | -.0002 | -.00L7
~26.96 | -.135 | .5122 |-.263 | .0#s6 | L0005 | -.0017 | .0016 |-.352% | .3954 | -~.0003 | -.00L7
-27.93 |-.154 | .5238 | -.20k | .okk7 | .0006 | -.0018 | .0017 |-.3813 | .3907 | -.0003 | -.0018
-27.96 | -.154 | .5238 |-.20k | .okk7 | .0006 | -.0018 | .0019 |-.3818 | .3903 [ -.0003 | -.0019
-27.99 | -.156 | .52k1 |-.297 | .OoMk7 | .0006 | -.0018 | .0OLT |-.3833 | .3898 | -.0003 | -.00L9
-28.96 |-.172 { .5343 {-.323 [ o451 | .0007 | -.0019 | .OOL7 {-.%096 | .3839 | -.0003 | -.0020
-29.00 |-.173 | .5342 |-.323 | .okk7 I .0006 | -.0019 | .0018 |-.kloo 3836 | -.000% | -.0020
29.02 | -.173 | .5347 {~.32k [ .okh7 ! L0006 | -.0019 | .0018 |-.4107 | .3836 | ~.000% | -.0019
29,51 |-.182 | .3ho1 {-.337 | .OMk7 | .0006 | -.0018 | .00L17 |-.k2ks5 | .3803 | -.0003 | -.0019
-29,54 1-.182 | .5396 |~.337 | .O4k6 | .0006 | ~.0018 | .0015 |-.h2k3 | ,3798 | -.0003 | -.0018
-29.55 |-.182 | .5398 |-.337 | .OLh6 | L0006 | -.0018 | .0015 |-.keke [ .3798 | -.0003 | -.0019
-15.28 | .101 | .4888 | .206 | .0311 | .00OO | -.00L0 | .0017 |-.0319 | .4980 | -.0003 | ~-.0009
-15.26 | .10l | .4888 ] .206 | .0309 | .0000 | -.0010 | .0019 |-.031Lk | .4981 | ~.0002 | -.0010
~15.23 | .102 | .48o2 | .208 | .0310 | .0000 | -.0010 [ .OOLT7 {-.030%k | 4988 | -.0002 | -.0009




TABLE I.- BASIC BODY WITH SIDE CONTROLS AT O° DEFLECTION, CONTROL SET II -
Continued
() M = 7.4, a = -5° to +15°, R = 800,000

@,

den cr, Cp L/D Cm Cyq Cng Cy Crr Ca ¢y G
~5.42 | 0.264 |0.5338 | 0.495 |0.0112 |0.0008 |-0.0033 0.0084 |0.2128 [0.556% {0.0005 [~0.003%
5.43 | .265 | .5332| .ko7 | .0111 | .0008 | -.0033 L0083 | .2131 | .5559 | .0005 | -.0033
—5.45 | .264 | .5339| .k95 | .0112 | .0007 | -.0032 | .0079 | .2125 .5566 | 0004 [ -.0033
-3.89 | .285 | .5597| .510 [ .0092 .0008 | -.0036 | .0093 | .2467 | .5778 | .0005 | -.0036
-3.86| .286 | .5602| .510 | .0093 | .0008 | -.0035 | .0092 2475 | .5782 | .0005 | -.0036
-3.84 | .286 | .5597| .511 | .0090 .0008 | —-.0036 | .0093 | .2¥79 | .5776 | .0005 | -.0036
—2.30| .306 | .5864| .522 | .0069 [ .0006 | -.0035 .0085 | .282L | .5982 | .ooOk | -.0035
—2.25| .307 | .5873| .523 | .0069 .0006 | -.0036 | .0089 | .2837 | .5990 | .0005 | -.0036
.22 | .307| .5879| .523 | .0068 | .0006 | -.0035 .0088 | .2842 | .5994 | .0005 | -.0036
-1.23| .321| .6070| .529 | .0053 | «0005 -.0036 | .0087 | .3079 | .6137 | .0004 | -.0036
-1.19| .320 | .607%| .527 | .0053 | .0005 -.0036 | .0090 | .3076 | .61k0 | .0005 | -.0036
-1.17| .320 | .6076| .527 | .0053 | 0005 ~.0036 | .0087 | .3080 | .61k0 | .0005 | -.0036

-.29| .330| .6270| .527 | .0043 | .0005 | ~-.0037 | .0090 | 3270 .6287 | .0005 | -.0037

~.19| .332| .6263| .530 | .0038 | .0005 | -.0037 .0089 | .3299 | .6274 | .0005 | -.0037

_.k| .333| .6268| .531| .0037 | .0005 | -.0037 | 0089 | .3311 6277 | .000% | -.0037

81| .34k | .6470| .531| .0023 | .00Ok | -.0038 | .OO9 .3528 | .6421 | .0005 | -.0038

.0038 | .0091 | .3530 | .6415 | .0005 | -.0038
,0037 | .0087 | .3535 | .6420 | .00Ok | -.0037
.0039 | .0090 | .3738 | .6540 | .000k | -.0039
.0039 | .0091 | .372 | .6547 | .o00Ok | -.0039
.0039 | .0089 | .37h2 | .6547 | 00Ok | -.0039
.00%0 | .0093 | .3912 | .6680 | .o00k | -.00kO
ooko | .0092 | .3941 | .667% | .000k | -.00%0
.00k | .0095 | .3950 | .6681 | .o00k | -.00kO
.o0ko | .oo9k | .Lhik8 | .6800 | .000k | -.00LO

8L .3hk | L6466 .531 | .0021 | 000k

85| .34k | .6M71| .531| .0021 | .0003
1.78| .353 | .6653| .531| .0006 | .0003
1.81| .353| .6663| .530 | .0005 | .0003
1.83| .353 | .6663| .530| .0005 | .0003
2.68| .360 | .6856| .525 |-.0007 | .0002
2.75| .362| .6855| .528 |-.0010 | .0002
2.79| .362| .6865| .527 |-.0011 | .0002
3.72| .370| .7055| .52k |-.0026 | .0002

LI S A S A B |

[ S A S O |
|

.00k1 | .0091 | .4351 | .6923 | .0003 s
.00k2 | .0095 | .uski | .7056 | .o0OLk | -.00k2
.00k2 | .0096 | .4530 | .7055 | .00Ok | -.00k2
.0092 | 14539 | .7055 | .0003 | -.00kLl

.0042 | .0000

3.75| .369| .7058| .522 | -.002k | .0001 | -.00kO0 | .0092 Jiiki | L6802 | .oook | -.o00kO
3.76| .369 | .7060| .523 |-.0026 | .0OOL —.00k0 | .0090 | .k1k6| .6803 | .000k | -.0039
L.61| .373| .7250| .515|-.0036| .0000 —.00k1 | .0092 | .4302 | .6927 | .o0Ok | -.OO0LL
4.69| .376| .72k7| .519 | -.0042 | .0000 —.ook1 | .0093 | .43ko | .6916 | .000k [ -.OOLL

b2 377 | L7257 -D19
5.66| .382| .7k69| .512|-.0055 | .0000
5.69| .381| .7469| .510 |-.0053 | .0000
5.69| .382| .771| .511|~-.0055 | ~-.000L1

| A S T B

L
o
o
B
n

6.61| .387| .7666| .505 |-.0068 | -.0002 L0043 | .0093 | k726 | .7170| .0003 | -.0043
6.64| .386| .7663| .503 |=-.006T | -.0002 .ook2 | .0088 | .u716| .7166 | .0003 | -.0042
6.65| .386| .7665| .50k |-.0070 | -.0002 _.00k2 | .0087| .ok | .7166 | .0003 | -.00k2
8.07| .393| .7981| .k92|-.0089 | -.0003 ~.00k3 | .0090 | .5009 | .7350 | .0003 | -.00kk
8.10| .392| .7987| .491|-.0089|-.0003 | -.00kk | .0092 .5006 | .7355 | .0003 | -.O0Wk
8.11| .392| .7983| .koL|-.0089 |-.0003 | -.00k6 | .0lOL .5006 | .7350 | 000k | -.0046
9.55| .395| .8285| .476|-.0105 | -.0005 —.00kk | .oo90 | .5266 | .7516| .0002 | -.0045
9.58| .394| .8289| .476|-.0107 ~.000% | —.o0kk | .o091 | .5266 | .7517 | .0003 | -.00Lk
9.59| .394| .8293| .W76|-.0106 | -.0005 —.00kk | .0087| .5271| .7520 | .0002 | -.OO0Lk
10.45| .394| .8507| .46k | -.0112 | -.0005 ~.0045 | .0096 | .5h22 | .7650 | .0003 | -.0046
10.52| .397| .8509| .466|-.0118 | -.0005 —.004% | .0097 | .5454| .7641 | .0003 | -.00L6
10.55| .396| .8512| .k65|-.0118 ~.0006 | -.00M4 | .0089 | .5453| .76k2 | .0002 | -.0045
11.50| .396| -8716| .u55|-.0128 | -.0006 ~.0046 | .0096 | .5621L | .7751| .0003 | -.0046
11.55| .396| .8702| .455|-.0131 | ~.0007 ~.0045 | .0088 | .5621 | .7733| .0002 | -.0046
11.56| .395| .8700| .45k -.0131 | -.0007 _.oo4k | .oo086| .5616| .7731| 0002 | -.0045
12.53| .39L| .8905| .uk2|-.01k2| -.0008 _.ook7| .o096| .5775| .7838 | .0003 | -.00h7
12.55| .393| .8913| .uk1|-.01k0 | -.0008 _.ook7| .0096| .5772| .78W7| .0003 | -.00k7

12.55| .393| .8921| .uk1|-.01k1 | -.0008 ~.0046 | .0092 | .5779| .7853| .0002 | -.00LT

13.45) .391| .9107| %29 -.0150 | -.0009 ~.0045 | .0086| .5917| .7949 | .00OL | -.00k46
13.51| .393| .9125| .431|-.0155| -.0009 ~.0045 | .0087| .5954| .7954 | .0002 | -.00k46
13.53| .393| .9129| .430|-.0155| -.0009 _.0046 | .0090| .5956 | .7957| .0002 | -.00k46
1Lk.52| .389| .9305| .418]-.0168| -.0010 -.0043 | .0077| .6096 | .803%| .00OL | -.OOLk
14.53| .388| .9308| .416|-.0165 | -.0010 —.004k | .0083| .6087| .8038| .0001 | -.00k45
14%.53| .389| .9320| .417|-.0165 | -.0010 ~.0045 | .0088| .6101L| .80k6 | .0002 | -.00k6

~.06| .338| .6342| .533| .0035| .0006 _.0040 | .0108| .3373| .6346| .0006 | -.00kO

—.o1| .333| .62hk7| .533| .003%| .0006 _.00k0 | .otok| .3305| .6260| .0006 | ~.0040
-.31| .333| .6245| .533| .0037 .0006 | -.0039| .0103| .320k | .6263| .0006 | -.0039




TABLE I.- BASIC BODY WITH SIDE CONTROLS AT 0° DEFLECTION , CONTROL SET II -
Continued
-15° to +5°, R = 800,000

(e) M= T4, a=

a

o cr, Cp L/D Cu Cyg Cng Cy Cy Cp Cy Cn Cayy
-15.06 | 0.098 | 0.4345 | 0.225 | 0.0310 | 0.0008 | -0.0020 |0.0031 |-0.0186 | 0.4450 | 0.0002 | -0.0021 | 0.0222
-15.08 | .098 | .4343| .225| .0311| .0008 | -.0021 | .0033 | -.0186 | .4hk7 | .0002 | -.0022 | .0225
-15.09 | .098 | .4334( .225( .0311 | .0008 | -.0021L { .0033 | -.0186 | .4438 | .o002 | -.0022 | .0225
-1k.09| .113| .4370| .258 | .0296 | .0007 | -.0021 | .0033 .0030 | 4513 | .0002 | -.0022 | .0219
-1k.09 | .112 | .M379| .256 | .0298 | .0008 | -.0021 | .003k .0021 | 4520 | .0002 | -.0022 | .0218
-1k.09 | .112 | .M379| .256 | .0298 | .0007 | -.0021 | .0030 .0020 | 4520 | .0002 | -.0022 | .0219
-13.10 | .129 | .4kho | .290 | .0284 | .0006 | -.002L | .0028 .0250 | 4616 | .0001 | -.0021 | .021k
-13.10 | .128 | .khh3 | .288 | .028L | .0007 | -.0021 | .0028 .0238 | k617 | L0002 | -.0022 | .021k
-13.10 | .127 | .M4hhk | .287| .0285| .0007 | -.0022 | .0030 L0234 | 4617 | .0002 | -.0023 | .021k
-12.11 | .145 ) .bse2 | .321 | .0267 | .0006 | -.0021 | .0025 L0469 | 4726 | .0001 | -.0022 | .0211
-12.10 | .145 | .bk523 | .321 | .0266 | .0006 | -.0023 | .0030 .ok70 | 4727 | .000L | -.002Lk | .0212
-12.10 | .abk | 452k | .319 | .0268 | .0006 | -.0023 | .0029 .ok62 | b5 | L0001 | -.0023 | .0212
-11.12 | .162 | .13 | .351| .0250 | .0006 | -.0023 | .0028 .0699 | .4839 | .o0001 | -.0023 | .0212
-11.11 | .161 | .%605 | .350 | .0249 | .0005 | -.0023 | .0025 L0694 | .4829 | .ooo1 | -.002k | L0211
-11.11 | .161 | .4607| .350 | .0250 | .0005 | -.0023 | .0026 L0695 | .4831 | .o001L | -.0023 | .0212
-10.14% | 179 | k711 | .379| .0229 0005 | -.0023 | .0028 L0930 | k952 | .0001 | -.002% | .0209
-10.13 | .178 | .4710| .377| .0231 | .0005 | -.0023 | .0025 .0922 | .hokg | ,0001 | -.0023 | .0212
-10.13 | .178 | .4709 | .378 ( .0229 ([ .0005 | -.0022 | .0026 .0924 Lok8 | o001 | -.0023 | .0211
-8.66 | .203 | .4891 | .bik | .0203 0004 | -.0023 | .0022 .1266 | .514%0 | .0000 | -.002k | .0213
-8.66 | .203 | .4882 | .45 | .o0202 oook | -.o002k | .0026 .1269 | .5132 | .0001 | —-.002L4 | .0212
-8.66 | .203 | .4882 | .416 | .0200 | .0OO4 | —.002% | .0028 127k | .5132 | L0001 | -.0025 | .0212
-7.21 | .228 | .5078 | .hho | .0167 0003 | -.0025 | .0023 L1625 | .5324 | L0000 [ -.0025 | .0215
-7.20 | .227 | .5083 | .446 | .0169 0003 | -.002% | .0019 .1613 | .5327 | .0000 | -.002k | .0217
-7.19 | .227 | .5084 | .4k6 | .0169 | .0003 | —-.0026 | .0024 J161% | .5328 | .0000 | -.0026 | .0216
-6.25 | .oLh | (5202 | 67| 0146 0002 | -.0025 | .0022 .1855 | .5456 | .0000 | -.0025 | .0217
-6.24 | 243 | .5209 | .L65 | .o1k7 0003 | -.0026 | .0025 .184k9 | 5462 | .0000 | -.0026 | .0218
-6.23 | .243 | .5232 | 465 | .0148 | .0002 | -.0025 | .0023 .1848 | .5464 | -.000L | -.0025 | .0218
-5.28 | .258 | .5382 | .k79 | .0130 0002 | -.0026 | .0018 .2069 | .5596 |-.0001 | -.0026 | .0217
-5.28 | .258 | .5378 | .480 | .0129 0001 | -.0026 | .0017 207+ | .5593 |-.0001 | -.0026 | .0217
-5.28 | .258 | .5382 | .480 | .0129 | .0001 | -.0026 | .001T7 .2076 | .5597 |-.0001 | -.0026 | .0217
k.32 | .273 .5537 | ko2 | .o110 0001 | -.0029 | .0027 .2302 | .5726 |-.0001 | -.0029 | .0219
430 | .272 | .5535 | .bo2 | .o107 0001 | -.0027 | .0019 .2300 | .572k |[-.0001 | -.0027 | .0221
k.30 | .272 | .5539 | .ko2 | .0109 0001 | -.0028 | .0022 .2301 | .5727 {-.0001 [ -.0028 | .0222
-3.36 | .287 | .5702 | .503 [ .009L 0001 | -.0029 | .0021 .2528 | .5860 |-.0001 | -.0029 | .0221
-3.35 | .286 | .5697 | .502 | .0092 [ .0000 | -.0027 | .0015 .2521 | .5855 |-.0002 | -.0027 | .0221
-3.3% | .28 | .5702 | .502 | .0091 |-.0001 | —.0027 | .0OLLl 2524 | .5859 |-.0002 | -.0027 | .0222
-2.38 | .299 | .5865 | .510 | .0073 [-.0001 | -.0028 | .0013 2743 | .598L [-.0002 | -.0028 | .0220
-2.38 | .298 | .5867 | .509 | .0072 |-.0001 | -.0027 | .0009 .2738 | .5985 [-.0003 | -.0027 | .0221
-2.37 | .299 | .5859 | .510 [ .0071 |-.0001 | -.0029 | .0012 274 | 5978 |-.0002 | -.0028 | .0220
-1.k2 | .312 ) .6045 | .516 | .0055 |-.0003 | -.0028 | .0006 .2968 | .6121 |-.0003 | -.0028 | .0220
-1.41 | .312 | .60k7 | .515 | .0056 |-.0002 | -.0029 | .0011l L2966 | .6122 |[-.0003 | -.0029 | .0222
-1.40 | .311 | .6049 | .515 | .0056 |-.0002 | -.0030 | .0015 .2963 | .6123 |-.0002 | -.0030 | .0222
-47 | 324 | .6235 | .520 | .004O [-.0003 | -.0030 | -0009 .319L | .6261 |-.0003 | -.0030 | .0220
-.k5 | .323 ( .6223 { .519 | .0038 (-.000k | -.0028 | .0000 .3181 | .6249 |-.0004 | -.0028 | .0220
-.45 | .323 | .6228 | .519 | .004%0 |-.0003 | -.0029 | .0006 .3182 | .6253 |-.000% | -.0029 | .0220
57 | «335 | 6411 | .522 | .0020 [-.0005 | -.0029 | .0000 .33 | .6377 |-.000% | -.0029 | .0223
.59 | .335 | .6420 | .522 | .0020 [-.000% | -.0030 | .0005 .37 | .6386 |-.0004 | -.0030 | .0219
.60 | .336 | .6433 | 522 | .0020 |-.0005 | -.0028 [-.0006 .32 | L6398 (-.0005 [ -.0028 | .0220
1.61 | .347 | .6616 | .524 | .0002 |-.0005 | -.0030 | .0002 .3650 | .6517 |-.0004 | -.0030 | .0222
1.63 | .346 | .6622 | .522 | .0003 |-.0005 | -.0030 | .0002 .3643 | .6521 [-.0004 | -.0030 | .0221
1.64 | .34 | .6629 | .522 | .0001 |-.0005 | -.0030 | .0000 .3649 | .6527 |-.0005 | -.0030 | .0221
3.24 | .360 | .6940 | .519 |-.0027 |-.0007 | —.0030 [-.0003 .3991 | .6726 [-.0005 | -.0030 | .0222
3.26 | .361 | .6948 | .520 |-.0029 [-.0006 | -.0032 | .0007 ool | .6731 [-.0004 | -.0032 | .0222
3.27 | .361 | .6952 | .519 [-.0028 |-.0006 | -.0030 | .0000 .hoo1l | 6734 [-.0005 | -.0030 | .0219
L.8 | .372 | .7269 | .511 {-.0051 |-.0008 | -.0029 |-.0008 4318 | .6928 |-.0006 | -.0030 | .0223
4.89 | .372 | 7280 | .511 [-.0054 |-.0008 | -.0031 [-.0003 4323 | L6937 |-.0005 | -.0031 | .0221
h.oo | .373 | -7306 | .511 [-.0056 |-.0008 | -.0031 [-.0002 430 | L6961 |-.0005 | -.0032 | .0220
-.07 | .331 | .6334 | .522 | .0032 |-.0004 | -.0028 | .0000 .3299 | .6338 [-.0004 | -.0028 | .0221
-.30 | .328 | .6306 | 520 | .0039 (-.000% [ -.0029 | .0000 .324 ) .6323 |-.000% | -.0029 | .0220
-.43 | .326 | .6280 | .519 | .00%0 |-.0003 | -.0030 | .0009 .3212 | .6305 |-.0003 | -.0030 | .0220




o

TABLE 1.~ BASIC BODY WITH SIDE CONTROLS AT QY DEFLECTION, CONTROL SET 1T -

(f) M= 7.k, o

Continued
x ~10° to -309, R = 800,000

a

dep Cr, ¢p | L/D Cn ¢y, Cn Cy Cp,
-9.89 [0.165 | 0.4848 | 0.403 |0.0215 |-0.0008 | ~0.0021 {-0.00L7 | 0.0238
-9.87 | .196 | .484g | .hok | .o21k | —.0007 | -.0022 | -.001k | .0238
-9.86 | .195 | .48ho | .hok | .o21k | -.0008 | -.0022 | -.0016| .0238
“11.42 | 167 ] L4679 L357 | L0248 | -.0006 | -.0022 | —.0006 | .0237
~11.45 1 166 | 4670 | .355 | L0250 | -.0007] -.0021 | -.0010| .0236
~11.h7 | 166 | 661 | .356 ] L0248 | -.0007 | -.0021 | -.0013 | .0236
-13.01 | .137 | .4527 ] .302 | .0276 | ~.0005 | -.0019 | -.0010 | .023h
~13.06 | .136 | .4532 ] .30L | .0277 { -.0005| ~.0020 | —-.0008 | .0235
-13.09 | .136] 4520 | .301 | 0276 | -.0004 | —.0021 L0000 | .0236
~1h.09 | 116 | LB} 260 | .0291 | -.000% | -.0021L | -.0002 | .0235
~1%.13 | L115 ] Jhhhs | o601 L0204 | ~Lo00h | -.0020 | -.0004 | .0236
~14.5 | 115 | Jhbk7 ) .259 | .0203 | ~.0005 | -.0019 | -.0012 | .0235
-15.15 | .095 | .4389 | .217 | .0308 | -.0004 | -.00L7 | ~.0010 | .0238
-15.18 | .095 | .4386 | .216 | .0306 | -.000% | -.00L7 | -.0012 | .0238
-15.20 | -095 | 4382 | .216 | .0308 | -.000k| -.0017 | -.0010 | .0238
-16.14% | o771 Jh4351 ) 176 .0320 | -.0003 | ~.0017 | -.0012 | -.0242
~16.16 | .076 | 4351 | .175] .0322 | -.0003| ~.0018 | -.0009 | —.0242
-16.17 | -076 { .h3b7 | 174 | .0323 | -.0003{ -.0018 | —-.0012 | -.02%0
~17.13 | -058 | 4320 | .13% | .0333 | -.0002| -.0016 | —.0010 | -.0246
~17.1% | -058 | 4313 | ,134 | .0333 | -.0002| -.0016 | —.0013 | -.0246
17,15 ] -997 | 4316 | .133 | .0335 | -.0003 | -.0015 | —.0016 | -.02L6
-18.09 0k0 L4298 1 092 | L0343 | —.0002 | -.0015 | -.0013 | ~.02k7
~18.12 | 040 | upgo | .092 | L0343 | -.0002 | —-.0016 | ~.0000 | ~.02k9
_18.12 | -OM0 | 4305 | .02 | .0343 | —.0002| -.0016 | -.0008 | ~.02k7
-19.00 | 022 | L300 | .052 | 0353 | -.0001| -.0016 | -.0008 | -.0252
-19.05 | -02L | |uoge | Lokg | .0352 | -.0001| ~-.0015 | -.0008 | ~.0252
-19.07 | -02L | kog7 | .09 | 0354 | -.000L| -.0015 | -.0009 | ~.02kg
—20.01 | -003 | .4306 | .008 | .0362 L0001 | -.0016 L0002 | -.0255
—20.04 | -00% | ,L307 | .008 | .036h4 L0000 | -.001L6 [ —.000L | -.0255
-20.05 | -003 | 4308 | .008 | .0364 | -.c001| -.001k4 | ~.0009 | -.0256
-20.96 {--015 | 14336 | -.036 | .0373 L0000 | ~.0015 | -.0006 | -.0261
~20.99 {=+016 | 4332 | -.036 | .0373 | .0000| -.0015 | -.0005 | -.0261
-21.01 |[--016 | 4322 |-.036 | .0372 | .0000| -.0015 | -.0008 | -.0259
—21.96 |--03% | w378 | -.078 | .0363 L0000 | -.001k [ -.0009 | -.0264
~21.96 |—-03% | 4382 | -.078 | .0383 | .000L| ~.0015 | ~.0005 | ~.C264
—21.97 |=-03% | 377 1-.078 | .0383 | .o00L| -.0015 | -.0003 | -.0265
-23.39 |=+06L | hh7 |-.138 | .0392 | .co00L| -.0015 | ~.0010 | ~.0269
2302 |--062 | 36 (-.139 | .0392 | .000L| ~-.0015 | —.0009 | -.0267
-23.43 |~ 061 2o | -0138 | L0389 .0000 | —.001k | ~.0018 | -.0267
—oh.88 |--088 L4525 1 -.195 | Lokol L0002 | —-.00L7 | -.0007 | -.0268
_2h,90 |09 | |57 | -,198 | .oko3 | .0002| -.0016 | ~.0010 | -.0268
—2k,91 |7-9%0 | 4535 | -.199 | .0403 .0001 | -.0015 | -.0012 | -.0268
—25.87 [=-108 | 1627 |-.23h | .okoB .000k | -.0016 L0003 | -.0269
-25.89 | =107 | Lo | -.234 | .oLo6 L0003 | -.0016 | ~.0002 | ~.0270
-25.90 |=-109 | 4607 |-.236 | .0k08 20002 | ~-.0015 | —-.0007 | ~.0269
_06.87 |--226 | u71h | -.267 | .oklo L0003 | -.0016 .000L | -.0271
26,88 |—-126 | w718 | ~.267 | .0410| .0003| -.00Lk | —-.0009 | -.0272
-26.89 |~-126 | 711 | -.267 | .0408 L0003 | -.0015 | ~.0003 | ~.0272
-27.88 |~-143 | 796 | -.297 | .ob11] .0003] -.0013 | ~.001L | -.027k
_27.88 |--143 | 4792 {-.299 | .ob1l | .0003| ~.0012 | -.0012 | ~.027L
_27.88 |- 14 T ugoo 10300 | .01 | .0003| -.0013 | —-.0005 | -.027%
~28,85 |-.162 | _hg1h | -.330 | .Oh13 L0005 | -.001k | -.0001 | -.0277
~28,87 [--162 | L4507 | -.329 | .Oh12 .0005 | -.001k | -.0002 | ~.0278
-28.88 |--161 | .hkoo3 |-.327 | .oko9 L0005 | -.0014 | —-.,000L | -.0277
-29.85 {179 | .5018 | ~.356 | .0Oki2 L0006 | -.0013 | -.000L | -.0282
-29.87 [--177 L5018 | -.354% | .okio L0004 | -.0013 | ~.0009 | ~.0282
-29.87 |--178 | .5027 | -.354 | .oki2 .000k | -.0013 | -.0013 | -.0280
-15.22 091 4358 1 w208 | L0312 | -.0005| ~.0018 [ -.0017 | .02k0
-15.13 | -092 4350 | L2112 | L0307 | ~-.000% | ~.0019 [ -.0011 | .0238
~15.01 | <096 345 | .220 | L0305 | ~.0005 | -.0017 | ~.0021 | .0238




TABLE I.- BASIC BODY WITH SIDE CONTROLS AT 0O° DEFLECTION, CONTROL SET IT -
Continued
(g) M =10.4, o = -4 to +15°, R = 600,000

Cy L/D Cm Cy Cng Cy Sy Cy ¢y Cp

-3.55 [0.277 [ 0.5187 | 0.533 |0.0052 | -0.000% | ~-0.0027 {0.0005 {0.2439 {0.5348 [ -0.0006 [-0.0027

-3.52 2761 5187 | .532 | L0051 | -.000hk | -.0028 | .0009 | .2437 1 5347 | -.0006 | -.0028
-3.51 276 1 JB19k | .531 | .0052 | ~.0003 | -.0029 | .0013 | .2434 | .5353 | -.0005 | -.0029
-1.95 .303 | 5510 | .550 | .0009 | -.000L4 | ~-.0031 | .0022 | .2841 | .5610 | -.0005 | -.0031
-1.92 \302 | .5515 | o547 | L0012 | —-.0003 | -.0031 | .0031 | .2830 | .5613 | -.0004 | —.003L

-1.91 301 ] 5527 | .5k | L0019 | -.0003 | -.003% | .0035 | .282k | .562L | -.0004 | -.003k
-.91 .315 | .5691 | .55k | ~.0019 | -.0007 | -.0026 {-.0003 | .3061 | 5740 | -00008 | -.0026
-.88 .31k L5689 | 552 | -.0016 | -.0007 | -.0028 | .o011 | .3055 | .5736| -.0007 | -.0028
-.86 .311 | .5680 | .548 |-.0002 | -,0003 | -.0034 | .o0k5 | .3028 | .5726 | -.0003 | -.0034

J11 L3381 5987 | .564 {-.0039 | -.0006 | -.0029 | 001k | .3391 | .5981 | -.0006 | -.0029
15 L3311 .5951 | .556 | -.0036 | -.0003 | -.0037 | .0054% | .3327 | .5942 | -.0003 | -.0037
.17 .32k 1 5877 ] .552 | -.0032 | -.0006 | —-.0031 | .0025 | .3260 | .5867 | -.0006 | -.0031

.0003 | -.0033
L0008 | -.0025
L0006 | ~.0029
L0004 | -.0035
L0002 | -.00k2
L0006 | -.0033

2.10 L3461 L6305 | .58 | ~.0067 | -.000% | -.0033 | .o0hk2 | .3687 1 .6173
3.0k 346 ) L6hkho | 53T | ~.0066 | ~.0009 | -.0025 | .0008 | .3793 | .6247
3.07 355 | L6484 | 548 | -.0088 | -.0008 | -.0028 | .0020 { .3893 | .6285
3.07 365 | 6560 | .556 {-.0110 | -.0006 | -.0035 | .0050 | .3992 | .6355
k.02 .368 | L6788 | .5k2 [-.0113 | ~.000% | ~.00k2 | L0067 | ks | 651k
4,03 372 1 .6811 | .546 [-.0118 | -.0008 | -.0033 | .0031 | .4186 | .6533

1.11 3461 6211 | .557 | -.0053 | ~-.0008 | -.0029 | .0006 | .3580 | .6ik2 | -.0008 | -.0029
1.13 345 | .6181 1 .558 | -.0060 | -.000% | -.0037 | .oOM8 | .3570 | .6111 | -.0003 | -.0038
1.1% .33% | .6063 | .551 |-.0047 | -.0003 | -.0038 | .0049 | .3459 | .5996 | -.0003 | -.0038
2.08 b7 oL6345 | 546 [ -.0062 | ~.0008 | -.0029 | .00LM | .369% | .6215 | -.0007 | -.0030
2.10 354 | L6401 | .553 | -.0075 | ~.0007 | -.0030 | .0020 | .3772 | .6267 | ~-.0006 | ~.0030

.0207 | -.001% | -.0033 | .0039 | .5351 | .7396 .0008 | -.0035
L0207 | -.0012 | -.0039 | .0059 | .5L48 | .7504 L0005 | -.00%0
.0209 | -.0013 | -.0037 | .0049 | .5382 | .7h25 | ~.0006 | -.0038

o1 | L8200 | .h8g
o9 | L8325 | Lhoy
9.84 JLho3 | L8236 | Lhgo

k.ok 371 6796 | 546 [-.0113 | -.0007 | -.0033 | .0035 | k181 | .6518 | -.0005 | -.0034
L.g7 3771 27015 | 538 [-.013% | -,0009 | -.0032 | .0036 | 4367 | .6661 | -.0007 | —-.0032
k.99 3781 L7013 | .539 |~.013% | ~.0010 | -.0026 | LOOLH | 437k | L6658 | -.0008 | -.0027
k.99 .368 | .6880 | .535 |-.0134% | -.0008 | -.0033 | .00kO | .4265 | .6534 | ~.0006 | -.0033
5.93 3721 .T7113 | .522 |-.0121 | -,0007 | -.0040 | .00T72 | .Lh430 | .6691 | -.0003 | ~.0CkO
5.95 380 | .7eh5 | W52k |-.0117 | -.0009 | -.0037 | .0050 | .Ls28 | .6813 | -.0005 | -.0038
5.95 .388 | .7310 [ .531 {-.0136 | -,0005 | -.0037 | 0077 | 4616 | .6868 | -.0001L | -.0037
6.89 .389 | .7515 | .518 |-.01k0 | ~.0006 | -.00h7 | .009k | L4763 | 6994 L0000 | ~.0048
6.91 .385 | 7469 | .516 |-.01k3 | ~.0008 | ~.0043 | .0079 | L4721l | L6952 | ~.0003 | -.0043
6.91 L38% | L7hs8 | .515 |-.0135 | -.0010 | -.0036 | .00k8 | 4708 | .6942 | -.0006 | -.0037
8.36 2387 L7731 | .501 |-.0166 | -.0007 | -.00%7 | .0098 | .4953 | .7087 | -.0000 | -.0048
8.36 390 | 77771 .50L |-.0168 | -.0007 | —.00kk | L0098 | .Lo8g | .7127 | -.0000 | -.00W4
8.27 394 | 7826 | .50k -.0011 | ~.0037 | .0060 | .5041 | .7169 L0005 | -.0038
9.83

9,84
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10.81 ok | W8h75 | L7 [ --0213 | ~,0015 | -.00k2 | L0052 | .B562 | 7566 | -.0007 | —.004k
10.82 LJLo6 | W8509 | Wby |--0222 | - 0016 | -.0037 | .0037 | 5586 | .7595 | -.0009 | -.0039
10.82 bos5 | L8478 | 478 | -.0221 |~ 0017 | ~.0033 | JOOLT | 5573 | 7565 | -.001L1 | -.0036
11.80 Jbos |.8701 465 |-.0243 | —,0013 | -.0051 | .0102 | .57h1 | .7690 | -.0002 | -.0053
11.81 o3 | L86k0 66 |-.0250 | ~,0015 | ~.0046 | .0073 | .5708 | .T63L | -.0005 | -.0049

11.81 Jok | L8678 | L466 |-.02%0 | —,0015 | -.00k) | .0055 | 5731 | .T667 | -.0006 | -.0043
12.78 A09 | L9028 | . -.0018 | -.0048 | L0076 | .5981 | .7901 | -.0007 | -.0050
12.79 Jho6 | LBokg | Lb53 -.0019 | -.00k0 | .0037 | .5936 | .7829 | —.0009 | —.00uk
12.79 ok | L8901 | JbB3 | -.0258 | -,0016 | -.0045 | L0071 | .5907 | L7787 | -.0006 | -.00k7
13.77 ok | L9206 | J439 |~.0261 | -.0016 | -.0055 | .0101 | .6118 | .7979 | -.0003 | —-.0057
13.78 Joo | L9152 | W37 [~.02% | —,0017 | -.0052 | .0090 | .6066 | .7936 | -.0005 | —.005k
13.77 oo | .o126 | L4388 |-.0261 | -.0019 | -.00k7 | .0066 | .6058 | .7911 | -.0007 | -.0050
1k.76 o5 | o.ok18 | Lh30 -.0018 | -.0052 | .0090 | .6313 | .8075 | ~.0004 | -.005k4
1577 ] .398 | L9337 | .27 |-.0278 | -,0019 | -.00k6 | .0O7H | .6232 | .8013 | -.0006 | —.00k9
1,77 L399 | L9367 | k26 | -.0271 | -,0017 .00k7 | L0081 | .6246 | .8ok1 | -.000% | -.00%0
~.2h 372 | L6176 | .602 |-.0037 | -.0005 L0032 | .0027 | .3692 | .6192 | -.0005 | -.0032
-.19 b2 | L6278 | LBhk .0035 | .0039 | .3398 | .6289 | -.000k | -.0035

~-.18 341 | L6225 | L5hT L0027 |~.0003 | .3386 | .6236 | -.0008 | -.0027
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TABLE I.- BASIC BODY WITH SIDE CONTROLS AT O° DEFLECTION, CONTROL SET II -
Continued
() M = 10.%, a » -15° to +5°, R = 600,000

a,
deg ar, Cp L/D Cm €1 Cn,g Cy Cy Cp ) Cp

-15.12 10.089 10.3855 | 0.230| 0.0260| 0.0014 {-0.0031 | 0.0085 |-0.0149 |0.3953| 0.0006 |-0.0034
-15.12 | .092 | .3893 | .237| L0261} .0016 | -.0035 | .0095 | -.012hk | .3999| .0006 | -.0038
-15.12 | .096 | .3903 | .246| .0255| .00L7 | -.0036 | .01Ok | -.0092 | .h018| .0007 | -.0039
-1k.a2 | o.iok | L3936 | .265| .Jo2hk6] .00k | ~.003Lk | 0089 L0051 | JhoT72( L0006 | -.0036
-1%.11 § .106 | .3953 | .269| .0250| .0016 | -.0036 | .0103 L0067 | 40931 L0006 | -.0039
-1k.11 | .105 | .3943 | .265| .0250| .0016 | -.003% | .0095 L0053 | L4079| L0007 | -.0037
-13.13 | .121 | .hoo7 | .301| .0234{ .0012 | -.0034 | .00%90 L0265 | JL176| L0004 | -.0035
-13.13 | 124 | Jhoih | .309| .0228| .0012 | -.0033 | .0088 L0297 | LB101L| L0005 | —.0035
-13.12 | ,123 | 4005 | .307| .0228| .0O01k | -.003% | .oO%h L0287 | JM179t L0006 | -.0036
-12.1% | 137 | ko3| .335] .0213) L0011l | -.0033 | .0088 oh79 | k2691 .o00k | —.0034
-12.1% | 139 Jho78 | .341| .o21k| L0011 | -.0031 | .0075 L0501 | Jh279l L0000k | -.0033
-12.1% | 139 | .ho83 | .3%0| .0213| .0012 | -.0033 | .0082 Ooho7 | 4283 ( .0005 | -.0035
-11.16 | ,156 | %181 | .373| .0198] .0010 | -.0033 | .0070 0722 | Jholl L0003 | ~.003%
-11.15 | .156 | 4156 | .374| .0191] .0010 | -.0032 | .0078 L0723 | L4379 .000M | -.0033
-11.15 | .155 | a8k | .371] .0198{ .0010 | -.0033 | L0070 L0713 | L4ho5 | L0003 | —-.003k4
-10.16 | 171 | 4276 | .399| .0176| .0010 L0034 | .0087 L0924k | 510 L0003 | —-.0036
-10.16 | ,170 | k276 { .397| .0176| .0009 .0033 | .0083 L0917 | 45081 .0003 | —.0034
-10.16 | 171 | .hede | koo | .oi7h]| .o01l L0038 | .009k L0926 | JLho6| .000h | —-.0040
-8.70 | 195 | Jubsk | 438 Lolkg! .ool1 .0039 | .0102 Jd25% |98 L0005 | -.0040
-8.70 | 199 | Lhheh | J4h5 | Lolkl|  .oonl .0038 | .0098 1290 | Jh4713] L0005 | -.0040
-8.70 L195 | Jhkbs | o439 L0150 .o01L .0037 | .0086 257 | 4689 L0005 | -.0038
=72k | 518 Jge7 | Wkt oLoii7| L0008 .0036 | .0080 JA577 | L4865 1 L0003 | ~-.0037
723 1 ,e19 | 4659 | 470 | L0123] L0010 L0040 | .0097 .1585 | J4Bo7| .ooOk | —.00LL
-7-23 1 220 | 4655 | W72 | L0116 .0008 L0037 | .0088 159k | 48951 L0003 | -.0038
-6.28 | 531 | w76k | .484 | .0102| .0008 | -.00%0 | .0088 | .177L | .4988| .0003 | -.coh1
-6.28 | 531 | 76 | W48k | Lo107| .0008 | -.0039 | .0095 LA77H L5000 | L0003 | -.0039
-6.28 | 230 | 4806 | 484 | .o101| .0008 | -.0039 | .0089 1785 | 5032 ] L0003 | ~.0040
=0.32 | 248 | ,h931 | .502 | .0082| .0006 | -.0040 | .0087 2008 | .5139 | .0003 | -.00%0
-5.32 | ,2k7 | ,k937 | .500 | .0089| .0008 | ~.0040 | .0098 L2000 | J5145 | .o00Lk | -.o0kL
=5.32 | ,oh6 | 4950 | Jho7 | L0088 | .0010 | ~.00Mk | .0121 W199L | L5157 | .0006 | —.0045
-k.36 | 060 L5076 | 512 | .006Lk | .o00L L0038 | .0068 L2203 | 5259 | .000L | -.0038
~k.36 .257 | 5062 | .507 | .0066| .0007 .00k1 | L0090 2176 | W5242 | L0003 | -.00k2
-h.36 | 260 L5080 | .513 | L0064 | .0007 L0045 | L0101 L2211 | 5263 | .000% | -.0045
-3.%0 1 571 .5225 | 519 | L0052 | .0006 | —.004hk | .00Gk .2396 | .5376 | 0003 { —.004k
-3.%0 | 271 | L5237 | .518 | .0053| .0008 | -.00k7 | .0116 .2395 | 5388 | .0005 | -.0048
-3.50 .270 | .5229 | .517 | .0053 | .0008 | -.00h47 | .0113 .2388 | .5360 | .0005 | —.0048
243 | 286 | 5438 | .526 | .0037| .o002 |-.0037 | .0069 2626 | 5554 | L0001 | -.0037
~2.k2 287 | J5hkh | L5271 00371 L0005 | -.00%L | .0086 L2635 | 5560 | L0003 | —.0041
'2-t§ 284 | .shho | 523 | .00k3 | L0001 | -.0039 | .0062 2612 | .5556 | -.0001 | -.0039
-1. 292 | .5575 | .52k | L0032 .0000 |-.0035 | .0052 2777 | 45649 | ~.0001L | -.0035
-1.b7 .20 | .5501 | .525 | L0029 | .0000 | -.0037 | ~005h 2794 | 5665 | -.000L | ~.0037
-L.b7 294 15617 | .524 | L0029 | L0001 | -.00kL | .0058 2798 1 L5691 | L0000 | —.00k4lL
=51 1 308 | .5818 | .529 | .0020 |-.0003 |-.0036 | .0025 L3024 | .5845 {-.000k | -.0036
=30 | 310 | .5827 | .532 | 0008 [ .00OL | -.00h2 | .0OT0 L3050 | .5854% | .000L | -.00%2
=30 | 306 | L5787 | .528 | .0016 | .0003 |-.00hk | .0083 .3008 | .581k | .0003 | -.00LL
<53 1 .31 | .6002 | .524% | .0009 | .0003 |-.0048 | .0097 23199 | .5972 | 0004 | -.0048
253 | .313 | .5975 | .52k | .0006 | .0003 |-.0045 | .0093 .3183 | L5945 | L0003 | -.00L45
23 | 317 | .5968 | .53L |-.0007 |-.0002 |-.0040 | .0058 .322% | .5938 {-.0001 | ~.0040
.56 .325 | L6172 | .527 |-.001l |-.0003 |-.0040 | .0049 L3421} .6081 |-.,0002 | -.00k40
27 | .323 | .6186 | .523 | .0000 |-.0006 |-.0039 | .003L L3401 | .6096 |-.0005 | -.0039
D7 1,322 | L6148 | 524 |-.0005 |-.000% |-.0039 | .ookL .3386 | .6057 |-.0002 | -.0040
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-17 1 .338 | .650L | .520 |-.0025 | .0003 {-.0052 | .0125 .3738 | .6303 | .0006 |-.0052

.338 | .6529 | .518 |-.0022 {-.0002 |-.004k | .0067 370 | .6331 | .0000 | —.00Wk
-19 1,337 | .6L493 | .519 |-.0023 |-.0005 |-.0042 | .0045 L3728 |.6296 {-.0003 | -.0043
-gg 353 | .6862 | .51k |-,0046 |-.0004 |-.004T7 | .0OT5 L4o88 | L6543 |-,0000 | -.00kT

.351 | .6508 | .508 |[-.0022 |-.0009 {-.0038 | .0016 HO73 1 .6B9L |-.0005 | ~.0038
.80 | 350 |.6856 | .511 |-.0037 |-.0010 |-.o0ko | .0016 L4065 | L6539 |-.0006 | -.0040
A 307 L5876 | .523 | L0013 |-.0003 |-.0033 | .00LT .3029 1.5900 {~.0003 |-.0033
. .311 | .5864 | .530 | .0012 [-.0002 |-.0033 | 0030 .3068 |.5885 |-.0003 |~-.0033

=.3% 1 311 1.5903 |.527 | .0020 |-.0003 {-.0031 | .0019 L3076 |.5921 |-.0003 |-.0031
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TABLE I.- BASIC BODY WITH SIDE CONTROLS AT O° DEFLECTION, CONTROL SET IT -
Concluded
(1) M = 10.%, o = -30° to -10°, R = 600,000

@y
den o Cp L/D Cn c, Cng Cy Cy Cy ¢y Cn

-29.96 |~0.175 | 0.4381 | ~0.399 | 0.0k12 | -0.0001 |~0.0003 |0.0011 |-0.3702 |0.2923 |-0.0002 {-0.0002
-29.96 | -.173 | 4398 -.393| .0ko9 .000k L0000 | .0003 | —.3695 | .2947 +0003 | —-.0002
-29.96 | -.169 | .4397| -.38%k| .ohoB .0002 L0003 | -.0011 | -.3658 | .2966 0003 .0002
-28.93 | -.157 ] .h288| -.367 .oki2 .000L | ~.000L | .0006 | -.3453 | .2991 +0000 | ~.0001
-28.93 | -.156| .h270| -.365| .0Lo9 .000k | -.0002 | .0011 | -.3h428 | .2984 +0003 | —.000k

-28.93 | -.159| .heg7| -.370] .OLk2o .0002 L0001 | -.0002 | ~.3472 | .299L .0002 .0000
-27.96 | -.1381 k77| -.330] .0399 .0002 L0001 | .0000 | -.3177 | .3042 .0002 .0000
-27.95 | -.139] .4183| ~-.332] .0oklo .0003 .0002 | .0000 | -.3188 | .304k4 .0003 .0001
-27.95 | ~.141 | k211 | -.335( .0k09 .0002 | -.0003 [ 0014 { -.3219 { .3060 .0000 | —.000%
—26.96 | -.12k| M08 -.302| .Oho2 .0003 | ~.0003 | .000% | -.2069 | .3098 .000L | —~.000k
-26.96 | -.124| 4106 | -.302| .0ko9 L0005 | ~-.0009 | .0033 | —-.2966 | .3098 0000 | —-.0010
-26.96 | -.123| .4o02| -.300| .0405 .0003 | ~.0003 | .0005 | -.2958 | .3097 0002 | —.000k%
-25.99 | -.105| .ko07 261 | .0398 L0003 | -.0009 | .0030 | -.2696 | .31l | -.0002 | -.0009

271 | Johik .0002 L0008 | .003L | -.2758 | .3157 | -.0001 | —.0008
266 | .oki2 | -.000L L0000 | -=.0011 | -.2733 | .3156 | ~.000L .0000
. .236 | .0koo .0002 L0005 | .0016 | -.25L4 | 3223 L0000 | —.0006
24,99 | ~-,0871 .3975] -.219] .0394 .000L L0002 | ~.0018 | -.2468 | .3235 .0002 .0001
-24.99 | -.088| .3976| ~-.221| .0398 .0002 L0002 | 0010 | —-.2475 | .3233 L0001 | -.0003
-23.54 | ~,063| .3850| -.165] .0383| -.0001 .0003 | 000K | -.2119 | .3276 | -.0002 | —.0002
-23.53 | -.063 ] .3866| -.162| .0389 .0003 .0012 | .ook1 | -.2119 | .329% | ~.0002 | —.0012
-23.53 | -.063 ] .3863| -.163] .0391 L0001 L0006 | .0010 | -.2118 [ .3291 | -~.000L | —.0006
~22.08 | -.035{ .3808 .093 | .0365 .0000 L0007 |- .0005 | -.1759 [ .3395 | -.0003 | —.0007
-22,07 | -.0h0 | .3827 L1051 L0373 1 -.0001 0001 | -.0022 | -.1809 | .3396 | -.000L | -.000L

-25.98 | -.110| .hok6
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-22.07 | -.038] .3796| -.100] .0370 .0000 L0006 | L0017 | -.1778 | .3375 | -.0002 | ~.0005
~21.12 | -.023] .3713| -.06L{ .0368 .0001. L0009 | 0012 | —.1550 | .3382 | -.0002 | —.0008
-21.12 | -.020} .3729| -.05k1 .0361 .0002 L0009 | 0026 | -.1531 ( .3%06 | -.0002 { ~.0009
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-21.12 | -.020) .3733| -.055] .0359 .0000 L0011 | L0028 | -.1536 | .3409 | -.0004% | -.0010
~20.16 | —~.004] .37h7| ~.011| .0348 .0000 L0007 | L0015 | -.1329 | .3503 | -.0002 | -.0007
-20.16 | -.008] .3742| -.021}| .0351L .000L | -.0017| .0057 | -.1363 | .3485 | -.0005 | -.0016
-20.16 | -.00%| .3762| -.011| .0347] ~-.0001 | -.0013} .003% | -.133% ) .3517 | -.0006 | -.0012
-19.21 L0151 L3710 .0h1] .0346 .000k | ~.0017{ .0062 | -.1076 | .3553 | -.0002 | —.0017
-19.20 L0131 3779 035 .0352| -.0001 | -.001L | .0019 | ~-.1118 | .3612 | -.000% | -.0010
~19.20 011 .3753 .028 | .0349| -.0003 | -.0007 {-.0015 | -.1133 | .3579 | -.0005 | ~.0005
~-18.2k 0241 .37h L063 ] .0335] -.0001 | -.001Lk | .00L7 | -.09L7 | .3627 | -.0005 | -.0013
-18.24 L026 | .3730 071 .0328 .0003 | -.0016 | .0OMk | —.0017 | .3625 | -.0002 | -.0016
-18.2k 029 3755 078 ] .033L L0003 | -.0019 | .00k9 | -.0896 | .3659 | -.0003 | —-.0019
-17.28 Ol | 03726 W17 .031k .0000 | -.0018 | .0035 | -.0689 | .3687 | -.0006 | —-.0017
-17.27 oL 3749 J110] .0322 .0000 | -.0015 | .0032 | -.0719 | .3702 | -.000% | —.0015
-17.27 o3| .3707 L1161 .0318| -.0003 | -.001k | .0016 | -.0689 | .3668 | -.0007 | —~.0013
~16.32 L0611 3717 16k | L0293 L0001 | -.0015| .0033 | -.0458 | .3739 | -.0003 | —.0015
~16.32 L0581 L3781 W55 ] L0296 -.0002 | -.0013 | .0027 | -.0495 | .3753 | ~.0006 | ~.0012
~16.32 L0621 .3785 1631 L0297 -.0004k | ~.0012 | L0023 | -.0k70 | .3806 | -.0008 | -.0010
-15.35 L0781 .3785 2071 .0286( -.0002 { -.0018 | OOk | —~.0248 | .3857 | -.0006 | —.0017
-15.35 L0781 .3798 205 .0285| -.0003 | -.0016 | .0017 | -.0255 | .3868 | -.0007 | —~.001k
~15.35 L0771 .380k 202 L0282 .0001 | -.0023 | JOOKg | -.0267 | .3871 | -.0005 | —.0022
~1k.33 092 | .3867 237 .0277| =-.0003 | -.0017 | .0026 | ~.0070 | .3974 | -.0007 | -.0015
-1%.33 .096 | .393% .2h3 1 L0275 L0003 | -.0028 | .0083 | -.0046 | .hoW8 | -.0003 | -.0028
14,33 096 | .3900 ehs L L0275 .0009 | -.0035 | .0134k | -.o0k0 | .ho1S .0000 | -.0036
-~13.30 11| L3936 2831 .0258 L0001 | -.0025 | .0065 .0180 | .h4087 | -.0005 | —.0025
-13.30 L1111 .3935 282 | L0260 -.0002 | -.0022 | .OOLk L0176 | .h0o85 | -.0007 | ~.0021
~13.29 L1311 L3921 284 1 L0258 | ~.0001 | -.0025 | .0070 L0182 | JhoT72 | ~.0007 | —.0024
-11.68 LAkl b L ho87 .353 ] .0225] ~-.0008 | -.0016 | -.0002 L0586 | 4295 | -.0011 | —.001k
~-11.68 1450 | L4096 3431 L0229 ~-.0007 | -.00L7 | .0020 L0545 | L4295 | -.0010 | —.0016
-11.68 ke ko7t 3481 L0226 L0004 | —.0022 | .0045 L0563 | .h280 | -.0009 | -.0020
-10.07 L1731 4337 2398 | .0207 .0009 | -.0023 | .0013 L0941 | L4572 | -.0013 | —.0021
-10.07 175 LJhesk 12 L0186 L0000 | ~.0038 | .0097 L0980 | Mh95 | -.0006 | ~.0037
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Figure 1.- Schematic sketch of the Ames 3.5-Foot Hypersonic Wind Tunnel .
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Figure 6.- Dimensions of the ablated body.

(O8]
—




32

08
04 B ey g e —
I
S—
Cm Ck~§§"“‘~=~R
o Ol e —
' "OO—: 0 °"‘°\°.°
-04
.8
. Cpmax
O  Experiment -
6
| — — Impact theory 200
BT 0,02040,070%
———— Modified theory 1.8l L= M W
7 O]
4 = 0
L
L/D ,/
2 7 2
/
/4

A\
\

/!

— [ e s s =

Il L

6 AM’ il
005

Cp 4 TOGOO== =000
and //;0; [
CL 2 =
L ==
=7
0 i
prad
454{/
_2 7
-32 -28 -24 -20 ~-l6 -2 -8 -4 0 4 8 12 16
a, deg
(a) M= 5.2

Fligure 7.- Longiﬁudinal aerodynamic characteristics of the basic body
without flaps.




.08

Con et
0
TS 0% c¥ove)
S
-04
.8
CPmctx
6 o< Experiment
| ———— Impact theory 2.00 Yoead
———— Modified theory 1.82 //Z—jﬁ@ﬁ ‘P‘%oo_oﬂ
4 g acal
4/§B
Pe
1Y
L/D 2 77X
7
L/,
0 /i
v
Ié O
-2 0
/00
O~
— 4=
1.0
/
PR o
8 /‘ - ]
- f”’,f’
— I @/'
C 6 ;ﬁ§d§
D — =
and S35 5?25‘_‘_“ — —|= 'W’E’D@ﬁ
c,L 4 ORI — = =041 920,0,,94050.0
> _ ey
— Eﬁj‘?ﬂ
0 LA
0’
NS
- > %
~32 -28 -24 -20 -6 ~I2 -8 -4 0 4 8 12 1S
o, deg
(b) M = 7.k

Figure 7.- Continued.




3k

08

04

04020

O OOFE =
Ca0=03

o< Experiment

—— —— Impact theory
--——— Modified theory

CPmox

200

183 ?gjj
/-"

755

L/D 2

20N

=
and 41—

-2

AT
55

>

-32

-28 -24

-20

—l6

Figure 7.~ Concluded.

-2

(c) M =10.4




w
\n

-.07

B Experiment
o o ( ) ______ —1/M?
O -5°i ]
- .05
-.04
-.03
020%
’ “Tr-""° " —- ““‘-mr'@ﬂzém@‘"'"""“
- .0l
O
-32 -28 -24 -20 -6 -2 -8 -4 0] 4q 8 12 6
a, deg

Figure 8.- Typical base-pressure coefficients for the basic body; M = 7.L.




Figure 9.~ Lateral and directional characteristics for the basic body at Mach
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(b) Near body, &3 = 90°

Figure 29.- Local unsteady flow near body and lower flaps of control set II; M = 10.k.
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Figure 31.- Color photograph of typical pattern over the basic body produced by temperature sensitive
paint; a = -5° to +159, Ty = 1600° F, and M = 10.k.
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Figure 32.— Color photograph of typical hot spots on body and flaps with largg flap deflections as
indicated by temperature sensitive paint; a = -5° to +15°, Ty, = 1600° F, M = 10.k.
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Figure 33 .- Representative longitudinal gas-dynamic characteristics in air and
helium of the basic body (with side flaps at 0°).
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Figure 34.- Representative longitudinal gas-dynamic characteristics in air and
helium of the basic body with 60° deflection of either the upper or lower
pitch flap of control set II.
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